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from  steel  plants,  toxic  raatal  wastes,  phenols  and  other  taste  and 
odor  producing  substances  from  coke  and  chemical  plants,  brines, 
sulphates,  color  producing  subatances,  and  silt  from  coal  washing 
operations . 

Phenolic  compounds,  while  of  minor  importance  from  the 
biochemical  oxygen  demand  standpoint,  give  rise  to  offensiTe  tastes 
and  odors  in  public  water  supplies.  Their  removal  within  the  water 
treatment  plant  is  difficult  and  costly. 

The  raw  municipal  and  industrial  waste  loads  generated  in  the 
Ohio  River  Basin  approximate  28  million  in  population  equivalents, 
of  which  about  63  percent  is  presently  removed  by  waste  treatment 
before  entering  the  stream.  The  basins  generating  the  largest 
quantities  of  waste  in  relation  to  the  total  basin  sire  the  Kanawha, 

Wabash,  Upper  Main  Stem  Ohio,  Ohio  River  Main  Stem- Cincinnati , 

Great  Miami  and  Scioto  Rivers  in  order  of  magnitude.  These  six 
basin  areas  account  for  70  percent  of  the  total  organic  load 
generated  in  the  basin.  Figure  7 compares  the  present  raw  waste 
loads  generated  in  each  tributary  basin  compared  to  the  total  Ohio 
River  Basin. 

Projected  Municipal  and  Industrial  Wastes 

Figure  7 illustrates  how  each  tributary  basin  raw  waste  loads 
are  projected  to  increase  in  relation  to  the  total  Ohio  River  Basin. 
Absolute  projected  increases  over  the  present  base  are  shown  on  the 
left  on  the  figure  for  the  time  periods  1980,  2000,  and  2020  and  are 
compared  to  different  growth  rates  for  the  same  time  periods  at  the 
top  of  the  page. 

The  Kanawha  and  the  Wabash  River  Basins  have  the  largest  and 
the  second  largest  amount,  respectively,  of  the  organic  waste  load 
generated  of  the  basin  tributaries . The  Kanawha  and  Putnam  Counties, 
in  the  lower  Kanawha  River  Basin,  account  for  9**  percent  of  the 
organic  waste  load  generated  in  the  Kanawha  River  Basin.  The  metropolitan 
Indianapolis  area  accounts  for  about  one-third  of  the  domestic  and 
commercial  and  almost  one-half  of  the  industrial  organic  load  generated 
of  the  entire  Wabash  Basin.  The  upper  main  stem  area  has  the  Pittsburgh 
complex  as  the  major  contributor  of  wastes,  the  Kanayha  River  has  the 
Charleston  complex,  the  Great  Miami  River  has  the  Hamilton,  Dayton, 
Middletown  area  and  the  Scioto  has  Columbus.  All  of  these  areas  are 
metropolitan  areas  which  contribute  the  major  portion  of  the  municipal 
and  industrial  wastes  of  the  individual  basins. 
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VI  WATER  QUALITY  CONTROL 


Kanawha  River  Basin 


Present  and  Projected  Waste  Loads 

Present  raw  waste  loads  generated  in  the  Kanawha  River  Baa in 
are  shown  in  Table  12a.  The  Charleston  industrial  complex  is  largely 
within  minor  area  G-2  and  this  area  accounts  for  42  percent  of  the 
total  municipal  base  load  generated  within  the  basin.  Minor  area  G-2 
contributes  93  percent  of  the  total  industrial  organic  waste  load 
generated  in  the  Kanawha  Basin. 

Shown  in  Table  13a  are  the  present  and  projected  raw  waste 
loads  for  the  various  minor  areas.  Raw  waste  loads  are  projected 
to  increase  on  the  average  of  1.4  times  by  the  year  1980,  1.9  times 
| by  2000,  and  2.9  times  by  2020. 

Water  Quality  Control  Problems 

Listed  in  Table  l4a  are  the  more  critical  areas  and  the 
approximate  beginning  date  of  the  need  for  stream  regulation  for 
quality  control  or  other  appropriate  measures  for  pollution 
control.  The  raw  waste  loads  are  assumed  to  have  received  secondary 
treatment  or  equivalent  reduction  before  discharge  to  the  stream. 

TABIE  l4a 

KANAWHA  RIVER  BASIN 


Present  and  Projected  Water  Quality  Control  Problem  Areas 


Economic 

Approximate  Beginning  Date 

Stream 

Vicinity 

Area 

Present 

I90O  2000  2020 

Kanawha  River 

Charleston^/ 

G-2 

V 

A 

Piney  Creek 
E.Fk.  Greenbrier 

Beckleyl/ 

Durbinl/ 

G-5 
G— 6 

X 

X 

River 

Blue stone  River 

Bluefieldg/ 

G-8 

X 

Peak  Creek 

Pulaski^/ 

Galax£/ 

G— 8 

X 

Chestnut  Creek 

G— 8 

X 

Buffalo  Creek 

W.  Jefferson^/ 

G-9 

X 

l/  West  Virginia 
Virginia 

3 / North  Carolina 
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KANAWHA  RIVER  BASIN 


Fayette  8 13,330  Kanawha  River,  Creeks  13,300  5>*+00 

Raleigh  5 19,940  Piney  Creek,  Little  Whitestick  Crk.19,9^0  9,600 

Subtotal  15”  36,370  36,370  17,700 


TABIE  12a  (cont'd) 
KANAWHA  RIVER  BASIN 
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IN  REPLYING  ADDRESS: 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

FEDERAL  WATER  POLLUTION  CONTROL  ADMINISTRATION 

Ohio  Basin  Region 
U676  Columbia  Parkway 
Cincinnati , Ohio  U5226 

June  19,  1967  / 


Brig.  General  W.  Roper 
Division  Engineer 

U.  S.  Army  Engineer  Div. , Ohio  River 
P.  0.  Box  1159 
Cincinnati,  Ohio  1*5201 

Dear  General  Roper: 

The  Federal  Water  Pollution  Control  Administration  is  pleased  to 
transmit  the  Framework  Report  on  Water  Supply  and  Water  Quality 
Control  Problem  Areas  of  the  Ohio  River  Basin,  to  be  included  as 
Appendix  "D”  in  the  Ohio  River  Basin  Comprehensive  Survey. 

The  Framework  Study  points  out  many  problem  areas  in  the  basin  where 
low  flow  regulation  can  abate  the  pollution  situation;  however,  it 
must  be  remembered  that  this  is  only  one  solution  to  the  problem. 
Treatment  of  wastes  at  the  source  is  considered  the  principal  approach 
to  correcting  pollution  problems. 

Much  progress  has  been  made  in  the  immediate  past  to  help  the  attack 
being  made  on  water  pollution  that  is  not  reflected  in  this  report. 
During  the  89th  Congress  three  important  pieces  of  water  pollution 
control  legislation  were  passed:  the  Water  Resources  Planning  Act 

of  1965,  the  Water  Quality  Act  of  1965,  and  the  Clean  Water  Restoration 
Act  of  1966.  Present  legislation  provides  the  tools  needed  to  make 
an  effective  water  pollution  control  program.  The  primary  task  now 
is  continued  development  of  successful  methods  and  institutions  to 
use  these  tools. 


Water  quality  standards  are  a key  element  in  providing  pollution 
control  and  should  be  closely  tied  in  with  other  necessary  program 
elements,  such  as  research,  planning  and  construction  of  facilities, 
at  all  levels  of  government. 
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The  Framework  Study  can  be  utilized  to  point  out  the  more  immediate 
water  quality  problem  areas  of  the  basin  and  direct  efforts  of  detailed 
study  to  these  specific  areas  for  solutions  other  than  those  outlined. 

We  appreciate  the  opportunity  to  have  a part  in  the  coordinated  water 
resources  study  of  the  Ohio  Basin. 


Sincerely  yours , 

Richard  A.  Vanderhoof 
Regional  Director 
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Congress  has  directed  that  a comprehensive  plan  be  prepared  for 
the  development  of  water  and  related  land  resources  of  the  Ohio  River 
Basin.  The  plan  requires  an  analysis  of  the  basinwide  needs  for 
streamflow  control  and  use  of  water  for  domestic,  municipal,  agricultural, 
and  industrial  water  supply;  water  quality  control;  navigation; 
hydroelectric  power;  flood  control  and  drainage;  watershed  protection 
and  management;  outdoor  recreation;  fish  and  wildlife  conservation 
and  other  purposes.  As  one  of  the  several  Federal  agencies  actively 
participating  in  formulating  the  comprehensive  plji,  the  Federal 
Water  Pollution  Control  Administration  was  assigned  to  make  a general 
appraisal  of  water  needs  for  municipal  and  industrial  water  supply  and 
water  quality  control. 

The  FVPCA  study  is  oriented  to  water  resources  development  and 
deals  primarily  with  the  use  of  the  water  resources  of  the  Ohic  River 
Basin  as  sources  of  supply  and  water  quality  control.  Corrective 
measures  other  than  flow  regulation  will  be  of  utmost  importance  in  the 
basin,  especially  in  headwater  or  other  water  short  areas.  Detailed 
analyses  of  the  other  corrective  measures  for  quality  control  beyond 
secondary  treatment  is  not  a part  of  the  Comprehensive  Survey  of  the 
Water  and  Related  Lana  Resources  of  the  Basin  and  are  not  described 
herein. 

Streamflow  regulation  for  quality  control  is  a partial  and 
interim  solution  in  areas  where  waste- loadings  approach  or  exceed 
stream  assimilation  capacity  under  existing  low  flow  conditions  after 
secondary  treatment  or  equivalent  waste  reducing  processes  are  applied. 

Thirteen  subbasin  areas  are  reported  separately  as  shown  in 
Figure  1.  Streamflows  given  in  these  reports  are  those  estimated  to 
be  necessary  to  assimilate  the  residual  organic  wastes  remaining  in 
the  effluent  after  secondary  treatment  or  equivalent  waste  reduction 
processes  are  applied  to  wastes  entering  the  stream  from  the  designated 


Future  municipal  and  industrial  water  supply  and  water  quality 
control  needs  are  based  on  population  and  industrial  growth  as  forecast 
in  the  Projective  Economic  Study  of  the  Chio  River  Basin,  desi/yiated 
Appendix  B of  the  Comprehensive  Survey.  Appendix  C,  Hydrology ; 

Appendix  E,  Groundwater  and  Appendix  F,  Agriculture  contain  additional 
data  on  the  availability  of  water  resources  in  the  basin  to  meet  pro- 
jected needs. 
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Authority 

In  a letter  dated  July  7,  i960,  the  Division  Engineer,  U.  S. 

Army  Engineer  Division,  Cincinnati,  Ohio,  requested  that  the  Public 
Health  Service*  prepare  a report  on  water  supply  and  pollution  control 
aspects  of  water  resources  development  in  the  Ohio  River  Basin.  This 
letter  stated  in  part : 

"Pursuant  to  a resolution  adopted  on  May  16,  1955 
by  the  Public  Works  Committee,  United  States  Senate,  the 
Corps  of  Engineers  is  conducting  a study  on  review  of 
prior  reports  on  the  Ohio  River  with  a view  to  determining 
whether  any  modification  in  the  present  comprehensive  plan 
for  flood  control  and  other  purposes  in  the  Ohio  River  Basin 
is  advisable. 

As  a part  of  this  study  it  will  be  necessary  to 
investigate  and  evaluate  needs  for  water  supply,  low-flow 
regulation  and  pollution  abatement  in  order  to  determine 
how  these  needs  may  be  met  in  conjunction  with  water 
resources  developments  for  flood  control  and  other  purposes. 

This  letter  is  to  request  that  your  Agency  assist  us  in 
this  phase  of  the  study." 

The  original  intent  of  the  investigation  was  changed  in  1963  from 
a review  of  reports  to  a Type  1 Basin  Comprehensive  Survey,  of  which 
the  scope  and  objectives  are  defined  in  subsequent  sections . This 
change  is  in  accord  with  Guidelines  for  Framework  Studies  issued 
February  10,  1964  and  revised  June  10,  1965  by  the  Interdepartmental 
Staff  Committee,  Water  Resources  Council  set  up  to  assure  that  partici- 
pation of  the  four  Departments  (Agriculture,  Army,  Interior  and  Health, 
Education  and  Welfare)  in  the  Comprehensive  Basin  Planning  Program  is 
accomplished  in  an  orderly,  efficient,  and  coordinated  manner. 


Purpose  and  Scope 

This  > Federal  Water  Pollution  Control  Administration , Framework 
^ Study  of  Water  Supply  and  Water  Pollution  Control  problem  areas  in  the 
Ohio  River  Basin  appears  as; Appendix  D to  the  Ohio  River  Basin  Comprehensive 
Survey.  It  istfone  of  a series  of  cooperating  agency  reports  coordinated.- 
by  the  Ohio  River  Division  Corps  of  Engineer»-*to  form  a broad  scale 
analysis  of  water  and  related  land  resources  development  of  the  basin 


to  meet  foreseeable  short-  and  long-term  needs . 


♦Responsibility  for  this  investigation  was  transferred  to  the  Federal 
Water  Pollution  Control  Administration  by  the  Water  Quality  Act  of 
1965  (PL  89-234) . The  FWPCA  was  transferred  to  the  Department  of  the 
Interior  on  May  10,  1966  by  Reorganization  Plan  No.  2 of  1965. 
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-*  The  objectives  are  the  determination  of  overall  basin  water 
requirements  for  municipal  and  industrial  water  supply  and  water 
quality  control  and  give  general  appraisals  of  the  probable  nature, 
extent,  time  of  occurrence  and  possible  measures  to  meet  the  indicated 
needs.  As  a water  resources  report,  the  purpose  here  is  to  show  the 
possible  effect  that  the  available  water  resources  in  the  area  could 
have  on  the  water  supply  and  quality  control  demands  generated  in  this 
basin This  approach  is  not  intended  to  preclude  other  solutions  to  the 
problem  oT  water  quality  control  such  as  advanced  waste  treatment, 
holding  ponds,  deep  well  disposal,  or  other  means  that  may  be  indicated 
in  more  detailed  analysis  of  specific  problem  areas. /'The  intent  is 
to  focus  on  the  utilization  of  the  available  water  resources  to  alleviate 
problem  areas  that  may  be  anticipated  during  low  flow  periods  after 
secondary  treatment  or  equivalent  waste  reduction  processes  are  applied. 


The  entire  Ohio  River  Basin,  exclusive  of  the  Tennessee  River, 
comprises  the  area  under  study.  It  includes  the  major  portions  of 
the  State  of  Ohio,  Indiana,  Kentucky,  and  West  Virginia;  substantial 
parts  of  Pennsylvania,  Illinois,  and  Tennessee;  and  smaller  areas  of 
New  York,  Maryland,  Virginia,  and  North  Carolina. 

Data  on  present  water  use,  current  waste  loads,  existing  water 
quality  and  hydrology  have  been  derived  from  available  sources;  no 
field  surveys  providing  original  data  were  made  in  connection  with 
this  study. 

The  Projective  Economic  Study  of  the  Ohio  River  Basin  was  used 
as  the  basis  upon  which  to  appraise  future  growth  of  large  subregions 
in  relation  to  water  requirements  for  municipal  and  industrial  purposes 
and  the  magnitude  of  resulting  waste  loads  frcm  such  human  activity. 

The  economic  study  set  quantitative  bench  marks  or  guides  for  19 
subregions  by  county  delineation  grouping  that  most  nearly  represented 
the  economic  activity  of  the  major  tributaries  and  main  stem  basin 
drainage  areas . The  ecomomists  of  the  Corps  of  Engineers  and  the 
FWPCA  worked  together  to  disaggregate  the  19  subregions  into  6l 
smaller  areas . 

Projections  of  the  three  New  York  counties  omitted  from  the 
original  Projective  Economic  Study  were  added  to  the  above  disaggregation 
to  make  a total  of  62  study  areas  for  which  population  and  economic 
activity  guides  were  provided. 


Overall  needs  for  municipal  and  industrial  water  supplies  and 
waste  loads  generated  for  the  years  1980,  2000  and  2020  were  determined 
for  each  of  the  62  areas  based  on  the  above  population  and  economic 
study  results . 
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Total  municipal- industrial  water  supply  needs  for  each  of  the 
62  minor  areas  were  compared  with  the  known  dependable  water  supply 
in  the  study  areas  to  provide  a basis  for  recognition  of  present  and 
future  problems. 

Only  the  larger  local  water  supply  problems  in  a minor  area 
are  described.  The  relative  magnitude  of  the  major  problems  varies 
by  subbasin  and  it  was  necessary  to  go  to  greater  detail  in  some 
basins . 


Pollutional  loads  generated  in  each  minor  area  were  quantified 
in  terms  of  population  equivalents  in  first  stage  ultimate  biochemical 
oxygen  demand. 

The  waste  loads  generated  were  assumed  to  be  reduced  by  secondary 
or  equivalent  treatment  in  all  cases  before  discharge  to  the  stream. 

All  low  flow  quality  problem  areas  were  identified  even  though 
sane  of  the  areas  are  so  located  that  flow  regulation  may  not  be  feasible. 
This  method  appears  to  have  the  advantage  of  comparing  magnitudes  of 
water  quality  control  problems  and  indicating  specific  areas  where 
flow  regulation,  improved  waste  treatment,  or  other  methods  of  waste 
disposal  must  be  developed. 

Water  quality  problems  othei  than  organic  such  as  acid  mine 
drainage,  brine  pollution,  heat,  taste  and  odors,  and  nutrient  are 
described  in  each  subbasin  where  the  problem  occurs. 
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i 

1 


6 


i 


II  METHOD  OF  INVESTIGATION 
ECONOMIC  BASE  STUDY  DISAGGREGATION 


■ 


: 


The  demand  for  water  in  an  area  and  the  waste  loads  which 
are  produced  depend  on  the  population  and  type  and  amount  of  e con ami c 
activity  in  the  area.  In  order  to  have  a base  against  which  to  relate 
current  water  requirements  and  waste  loads  and  projections  of  future 
population  and  economic  activity  from  which  to  estimate  future  water 
requirements  and  waste  loads,  a projective  economic  base  study  is 
essential.  Such  a study  characterizes  the  current  economic  situation, 
examines  the  economic  forces  and  relationships  which  indicate  future 
changes,  and  quantifies  the  expected  changes. 

In  March  1962  the  Arthur  D.  Little  Company  of  Cambridge, 
Massachusetts,  was  commissioned  by  the  Corps  of  Engineers  to  provide 
an  analysis  and  projection  of  the  economic  activity  in  the  Ohio 
River  Basin  and  its  component  subbasins  over  a period  of  50  years. 

That  study  was  completed  in  August  1964  and  published  as  Volume  III 
(Appendix  B)  of  the  Ohio  River  Basin  Comprehensive  Survey,  Appendix 
B,  Projective  Economic  Study,  U.  S.  Army  Engineer  Division,  Ohio 
River  Division,  Cincinnati,  Ohio. 

The  region  included  in  the  Projective  Economic  Study  (PES) 
is  the  area  of  the  Ohio  River  Drainage  Basin,  except  for  the 
Tennessee  River  tributary  basin,  with  the  approximate  boundary 
determined  by  county  boundaries  for  purposes  of  data  availability. 

The  economy  of  the  basin  was  related  to  the  economy  of  the  Nation, 
and  in  turn  19  subbasin  delineations  were  related  to  the  entire  basin. 
The  items  of  particular'  study  interest  were  industrial  output,  employ- 
ment, and  population.  Results  of  the  Projective  Economic  Study  set 
quantitative  bench  marks  for  the  19  subbasins , each  consisting  of 
county  groupings  that  most  nearly  represented  the  drainage  area.  The 
results  were  made  available  to  all  agencies  cooperating  in  the 
Framework  Study. 

Methodology 


The  methodological  framework  used  in  the  Projective  Economic 
Study  consists  of  two  distinct  parts . The  first  part  is  an  econo- 
metric model  based  on  input-output  technique  which  generated  projections 
for  output  measured  in  i960  constant  dollars,  employment,  and  population. 
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The  second  part  consists  of  an  allocation  procedure  used  to 
distribute  shares  of  the  Ohio  River  Basin  projection  among  the 
19  subareas  of  this  basin.  The  change  in  procedure  was  due  to 
the  lack  of  data  for  adaption  of  the  Ohio  River  Basin  model  to 
the  subar  eas . 

Projections  of  future  economic  activity  should  never  be 
considered  to  be  levels  which  must  inevitably  occur  in  the  future, 
but  rather  a forecast  of  what  is  believed  most  likely  to  occur  if 
the  underlying  assumptions  of  the  study,  both  implicit  and  explicit, 
were  to  occur . This  study  was  designed  to  be  as  realistic  as 
possible;  however,  changes  will  occur  which  are  impossible  to 
foresee,  and  the  lack  of  sufficient  historical  data  makes  it 
impossible  to  realize  the  full  potential  of  the  methodology 
employed. 

The  basic  assumptions  of  the  Projective  Economic  Study  were: 
no  major  depressiors  or  wars,  a high  level  of  national  employment 
and  economic  activity,  and  a continuation  of  the  current  relative 
needs  of  the  civilian  economy  and  the  national  defense . 

Two  additional  assumptions  warrant  special  comment.  They  are: 
(l)  the  assumed  validity  of  extending  into  the  future  a long-term 
historic  national  growth  trend,  and  (2)  the  assumed  timely  availability 
of  water  in  sufficient  quantity  and  quality  to  support  the  projected 
economy. 

The  historical  growth  trend  is  slower  than  that  used  in  other 
recent  national  projections . A higher  rate  has  been  used  in  the 
more  recent  studies  in  the  belief  that  it  is  attainable  and  also 
that  it  is  necessary  to  maintain  an  improving  standard  of  living.  The 
assumed  slower  growth  rate  in  the  A.  D.  Little  Study  does  not 
invalidate  the  study  for  the  uses  for  which  it  was  designed,  namely 
to  determine  problem  areas  for  later  more  detailed  study. 

I 

Small  Area  Projections 

In  order  to  utilize  the  projections  from  the  Arthur  D.  Little 
Projective  Economic  Study  in  the  estimation  of  water  requirements 
and  waste  loads  which  could  be  related  to  stream  segments,  it  was 
necessary  to  disaggregate  the  subarea  projections  into  projections 
for  smaller  areas . The  19  subareas  were  subdivided  into  61  "small 
areas"  (see  Figure  2)  on  the  basis  of  criteria  which  (l)  attempted 
to  maintain  economic  unity  within  the  small  areas,  and  (2)  approximate 


minor  drainage  basins . Projections  for  the  small  areas  were  made  by 
disaggregating  the  projections  for  each  of  the  subareas  into  its 
component  small  areas  on  the  basis  of  past  and  expected  trends  in 
the  relationship  between  the  small  area  and  the  study  areas. 


The  projection  technique  used  is  .an  extension  of  the  propor- 
tional and  differential  shift  analysis;;/ and  takes  the  form  of  the 
following  equation  which  is  applied  to  each  of  the  commodity 
industries . 


R R 
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Where : 


E = Small  area  employment  in  the  particular  industry 
Ep  = Subarea  employment  in  the  industry 
tl  = Initial  analytical  date 
t2  = Second  analytical  date 
t3  = Projected  date 


The  results  of  the  application  of  this  formula  were  subjected 
to  judgmental  changes , where  it  is  expected  that  factors  affecting 
the  future  changes  of  the  industry  in  the  region  will  differ  in 
character  or  magnitude  from  those  affecting  past  changes . 

Service  industry  projections  were  made  by  distributing  the 
projected  employment  for  the  subarea  to  the  small  areas  on  the  basis 
of  total  commodity  employment  in  each  area. 

Population  for  the  small  areas  was  projected  by  assuming  that 
the  participation  rate  in  the  small  area  would  gradually  converge 
toward  the  narticipation  rate  for  the  basin  as  a whole  with  the  two 
becoming  equal  in  2010. 


TT  "Regions , Resources,  and  Economic  Growth. " Perloff,  Harvey  S., 
” Dunn,  Edgar  S.,  et  al.,  John  Hopkins  Press.  19o0,  p.71. 
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Indices  of  output  for  each  two  digit  SIC-^ industry  category- 
in  each  small  area  were  calculated  by  multiplying  projected  employment 
by  the  productivity  per  employee  for  the  corresponding  category 
derived  from  the  Projective  Economic  Study.  The  indices  are 
expressed  in  terms  of  1960^100. 

Total  populations  from  the  smaller  area  breakdowns  are 
coupled  with  the  urban  population  projections  from  the  Projective 
Economic  Study  to  project  a future  population  served  for  municipal 
water  supplies  and  waste  loadings.  Manufacturing  employment  and 
output  indices  are  utilized  to  project  industrial  water  use  and 
waste  loadings . The  economic  quantitative  information  used  in  this 
report  appears  in  each  subbasin  section. 


1/  Standard  Industrial  Classification 
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MUNICIPAL  AND  INDUSTRIAL  WATER  SUPPLY 
Municipal  Water  Supply  Rationale 

The  demand  for  municipal  water  supply  is  created  by  a number 
of  special  uses;  i.e.,  domestic,  camnercial,  public,  fire,  and 
industrial.  The  size  of  the  ccranunity,  its  location,  number  and 
diversity  of  commercial  business  establishments,  community  habits, 
availability,  quality  and  cost  of  water,  existence  of  sewers, 
public  policy  with  respect  to  civic  duties  and  size  and  type  of 
industries  within  any  city  are  characteristics  peculiar  to  that 
city  under  consideration  only.  As  a consequence,  the  municipal 
water  demand  computed  on  a per  capita  basis  can  be  expected  to  vary 
among  cities.  Municipal  use  is  largely  nonconsumptive  and  it  can 
be  expected  that  about  90  percent  of  the  water  used  for  municipal 
purposes  will  be  returned  to  the  water  courses. 

For  purposes  of  developing  overall  data  on  municipal  water 
demand,  writers  have  grouped  cities  by  population  brackets  to  deter- 
mine water  use.  This  method  furnishes  a general  idea  of  the  overall 
quantity  of  municipal  water  demand  that  is  deemed  sufficient  for  the 
Framework  Study  of  the  Ohio  River  Basin. 


PorgesVhas  broken  down  per  capita  consumption  figures  by 

population  groups  as  follows: 

U.  S.  Average  Demand 

gpcd 

Population  Group 

I9I+8 

1954 

500-1,000 

100 

1,000-5,000 

108 

5,000-10,000 

111+ 

129 

10,000-25,000 

123 

134 

25,000-50,000 

127 

133 

50,000-100,000 

121 

129 

over  100,000 

157 

150 

l/  "Factors  Influencing  Per  Capita  Water  Consumption ,"  Ralph  Porges, 
Water  and  Sewage  Works,  1957 • 
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Porges  further  reported^that  for  an  average  output  of  lUg 
gallons  per  capita  daily  (gpcd) , the  distribution  of  water  was  as 
follows ! 


1954 1956 


Use 

gpcd 

Percent 

Percer 

Domestic 

64 

42.8 

41 

Commercial 

28 

18.9 

16 

Industrial 

37 

24.9 

24 

Public  & Other 

20 

13.4 

17 

Total 

i4g 

100.0 

100 

The  above  tabulation  also  shows  a distribution  of  municipal  water 
use  made  from  an  analysis  of  1958  Public  Health  Service  inventory  of 
public  water  supplies.  This  analysis  included  58O  communities  serving 
83,704,000  people.  Communities  with  less  than  100,000  population 
averaged  132  gpcd,  while  the  group  with  a population  greater  than 
100,000,  averaged  150  gpcd,  which  compares  closely  with  the  use  rate 
found  in  the  earlier  survey  for  these  size  categories. 

2 / 

The  State  of  Ohio  Department  of  Natural  Resources  reported^ 
on  results  of  an  extensive  study  of  municipal  water  supplies. 

Comparing  the  per  capita  use  figures  for  the  various  population 
categories,  the  figures  for  Ohio  are  somewhat  lower  than  the  U,  8. 
figures  in  the  previous  tabulation.  The  distribution  by  types  of  use 
reported  for  Ohio  closely  approximated  those  given  by  Porges  above . 

Variations  among  municipalities  and  stream  sections  are 
accounted  for  in  the  inventory  of  present  water  supply  uses  . This 
inventory  reflects  local  choices  as  to  sources  of  supply  and  quality, 
available  quantities  of  water,  average  per  capita  use  rates,  and 
willingness  and  capability  to  pay  for  water  supply  source  systems . 

The  present  municipal  uses  were  tabulated  by  county  and  a municipal 
water  use  base  arrived  at  for  each  county.  From  this  base,  the  future 
municipal  water  needs  were  estimated  using  average  per  capita  use 
figures  and  population  projections  for  the  area. 


¥ 

2/ 


"1954  Vital  Statistics  of  Water  Statistics,"  Ralph  Porges, 

Water  Works  Engineering,  February  1957- 

"Municipal  Water  Supply  in  Ohio  1955  and  1957 •’  Anthony  R.  Rudnick, 
Report  No.  9 Ohio  Water  Plan  Inventory,  State  of  Ohio  - Department 
of  Natural  Resources  - Division  of  Water,  July  1962. 
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Medium- range  projections-^for  those  States  that  have  large 
land  areas  in  the  study  area  are  shown  below: 


Per 

Capita  Water  Use,(g.p.d.) 

1954-' 

1960tr 

198CM7  2000-L/ 

Ohio 

149 

138 

147 

147 

Indiana 

155 

126 

151 

151 

West  Virginia 

112 

99 

127 

132 

Kentucky 

125 

138 

131 

136 

Pennsylvania 

147 

144 

154 

154 

Average 

138 

129 

142 

144 

Included  also  in  the  above  tabulation  are  the  i960  water  use  figures  for 
public  supplies  presented  by  MacKichan  and  Karamerer^/  for  these  States . 


These  medium  projection  trends  show  only  a slight  increase  in 
per  capita  water  use  for  the  various  States  in  the  basin;  however, 
these  are  average  figures  and  tend  to  be  less  than  the  gpcd  figure 
for  municipalities  with  a population  greater  than  100,000. 

For  purposes  of  this  study,  it  is  considered  reasonable  for 
the  50,000  to  100,000  population  group  to  expect  an  average  use  of 
about  135  gpcd.  For  communities  presently  using  less  than  this  amount 
a rapid  increase  is  expected.  Figure  3 depicts  the  increase  in  unix. 
water  use  for  municipal  systems  utilized  for  purposes  of  this  study. 
The  rate  of  increase  is  about  three  percent  compounded  if  present 
water  use  is  40  gpcd,  tapering  off  to  about  one  percent  at  60  gpcd, 
and  to  about  one-half  percent  when  150  gpcd  is  reached. 

Industrial  Water  Supply  Rationale 

Industrial  water  requirements  are  complicated  by  many  factors 
and  hence  display  great  variability.  Every  product  requiring  water 
in  its  manufacture  utilizes  differing  quantities  and  qualities  of 
water  and  even  the  manufacture  of  identical  products  differ  in  amounts 
of  water  used,  depending  on  the  processes  involved.  The  prime  uses 
of  water  in  industry  are  for  cooling  or  condensing,  and  for  product 
processing . 

l/  Water  Resources  Activities  in  the  U.  S.  Future  Requirements  for 
- Municipal  Use,  Select  Committee  Print  No.  7-  8bth  Congress. 

January  19o0. 

2/  Estimated  Use  of  Water  in  the  U.  S. , l^O  Geological  Survey 
Circular  456.  K.  A.  MacKichan  and  J.  C.  Kammerer,  1961. 
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OHIO  RIVER  BASIN  FRAMEWORK  STUDY 
INCREASE  IN  WATER  USE  (GPCD) 

U.  S.  DEPARTMENT  OF  THE  INTERIOR 
FEDERAL  WATER  POLLUTION  CONTROL  ADMINISTRATION 
OHIO  RIVER  BASIN  PROJECT 


CINCINNATI 


OHIO 


FIGURE  $ 


Industrial  water  use  has  been  computed  in  general  terms  on  a 
daily  u&e  per  employee  or  per  unit  production  basis . The  Bureau  of 
Census Vhas  collected  water  use  figures  for  various  regions  in  the 
United  States  for  the  four-digit  industrial  categories.  The  figures 
presented  in  the  Census  reports  were  statistically  analyzed  in  a 
recent  studyfV and  the  conclusion  reached  that  either  employment  or 
value  added  by  manufacture  could  be  used  in  estimating  industrial 
water  use  in  most  cases.  In  a few  cases  no  significant  correlation 
could  be  demonstrated  to  exist. 

The  Ohio  Department  of  Natural  Resour cesVhas  carried  on  an 
extensive  study  of  industrial  water  use  in  Ohio.  Table  1 shows 
water  use  figures  per  industrial  employee  for  the  2 digit  SIC-^ 
categories  and  range  of  variability  among  the  4 digit  categories 
derived  from  this  report.  Table  2 shows  the  distribution  of  water 
use  by  2 digit  industrial  categories  and  distribution  between 
source  and  use  as  derived  from  the  Census  of  Manufacturing  for  the 
Ohio  Region. 

For  purposes  of  the  Framework  Study  it  was  concluded  that 
a reasonable  approximation  of  industrial  water  use  could  be  made  by 
tabulating  the  manufacturing  industries  by  SIC  codes  within  each 
county  and  assigning  a total  water  intake  per  employee  derived  from 
the  previously  mentioned  sources. 

Present  Municipal  and  Industrial  Water  Use 

A base,  or  present,  municipal  water  use  for  each  minor 
economic  area  in  the  particular  subbasin  was  obtained  by  arraying 
data  contained  in  the  Public  Health  Service  Inventory  of  Municipal 
Water  Facilities  by  county  for  the  area  in  the  Ohio  River  drainage 
basin . 


if  U.  S.  Bureau  of  Census.  U.  S.  Census  of  Manufacturers: 

1958  Industrial  Water  Use  Subject  Report  MC56  (l)-ll 
U.  S.  Bureau  of  Census.  1954  Census  of  Manufacturers 
Industrial  Water  Use  Supplement  - Bulletin  MC-2O9. 

2/  "Industrial  Water  Use,"  by  Willis  G.  Eichberger,  U.  S. 

Department  of  Health,  Education  and  Welfare  - Public  Health 
Service  (For  Administrative  Use  Only). 

3/  "Industrial  Water  Use  in  Ohio,"  Anthony  R.  Rudnick,  Report  No.  8 
Ohio  Water  Plan  Inventory  i960,  State  of  Ohio  Department  of 
Natural  Resources  - Division  of  Water. 

4/  Standard  Industrial  Classification. 
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Total  water  use  and  population  served  were  determined  for 
those  supplies  that  had  their  source  in  each  of  the  subbasins.  An 
average  gallons  per  capita  daily  (gpcd)  usage  was  computed  for  each 
minor  economic  area  in  this  manner. 

Industrial  water  usage  was  obtained  by  arraying  the  manufactur- 
ing industries  within  each  county  by  SIC  codes  and  number  of  enployees. 
To  each  of  these  industries  an  average  water  use  per  employee  per  day 
figure  was  applied  to  compute  a reasonable  water  use  for  each  industry 
in  the  county.  The  indicated  water  use  for  those  industries  lying 
within  the  subbasin  boundaries  were  totaled  as  the  approximation  of 
the  industrial  water  use  for  the  subbasin. 

Realizing  that  some  of  this  industrial  water  is  supplied 
■through  municipal  sources  and  included  in  the  municipal  water  use 
figures,  an  average  figure  of  70  gpcd  was  deemed  reasonable  to  represent 
domestic  and  commercial  use  within  the  central  systems  and,  wiiere  the 
water  use  from  central  systems  exceeds  this  figure,  the  difference 
was  subtracted  frcm  the  industrial  water  use.  In  areas  where  more 
detailed  information  exist  in  the  files  or  nublished  form,  it  was  used 
to  modify  the  industrial  water  use  computation  as  described  in  the 
preceeding  paragraph. 

Table  9 in  each  of  the  subbasin  reports  presents  the  summary 
of  the  base  municipal  and  industrial  water  use  and  the  primary  sources 
of  supply  by  minor  economic  areas. 

Since  the  economic  boundaries  which  were  delineated  by  county 
groupings  and  the  subbasin  drainage  area  did  not  necessarily  coincide, 
it  was  necessary  to  summarize  other  water  supplies  contained  in  the 
basin  to  complete  a total  water  use  picture  for  the  subbasin.  These 
are  also  shown  in  Table  9 of  the  subbasin  reports  with  the  counties 
and  minor  economic  areas  in  which  they  are  found.  Water  use  is  then 
summarized  for  the  basin. 

Projected  Municipal  and  Industrial  Water  Requirements 


The  present  population  served  by  central  water  supplies  for 
each  subbasin  economic  minor  area  as  shown  in  Table  9 of  the  subbasin 
reports  is  assumed  to  increase  at  least  at  the  same  rate  as  the  total 
population  for  each  minor  economic  area  as  shown  in  Table  6 in  each 
of  the  subbasin  reports.  An  additional  increase  in  population  served 
is  expected  due  to  greater  urbanization.  The  increase  factor  due  to 
urbanization  was  determined  by  dividing  the  basin  urban  population 
index  by  the  basin  total  population  index.  This  factor  was  then 
used  to  adjust  the  population  served  for  each  minor  ecancuic  area 
in  the  subbasin. 


The  population  served  for  the  "other"  supplies  was  projected 
by  using  the  economic  area  projections  listed  with  each  or  modified 
by  judgment  factors  where  deemed  necessary.  In  all  cases,  the 
projected  population  served  by  central  supplies  for  the  time  periods 
19 bO,  2000  and  2020  is  shown  in  Table  10  in  each  of  the  subbasin 
reports . 

The  estimated  increase  in  the  gallon  per  capita  daily  usage 
from  the  base  figure  for  each  time  period  is  included  in  the  table 
and  applied  to  the  population  served  to  quantify  water  use  frcm 
municipal  systems  for  each  time  period. 

Industrial  water  usage  is  projected  by  utilizing  the  manufacturing 
employment  and  output  indexes  given  in  Table  7 in  each  of  the  subbasin 
reports  for  each  economic  minor  area.  Increased  productivity  per 
employee  due  to  technological  development  and  mechanization  has  given 
rise  to  an  increased  water  use  per  employee.  On  the  other  hand, 
certain  technological  changes  and  the  increase  of  water  recirculation 
tends  to  decrease  the  water  use  per  unit  of  output.  In  seme  areas 
of  the  basin,  employment  is  shown  to  rise  only  slightly  or  to  decrease, 
whereas  the  output  frcm  industry  is  rapidly  rising.  To  determine 
the  effect  of  increased  productivity  and  technological  changes  on 
water  use  requires  detailed  studies  beyond  the  scope  of  the  Framework 
Study. 


Considering  the  many  factors  involved,  it  is  concluded  that 
future  industrial  water  use  probably  lies  in  the  area  between  the  values 
based  on  projected  indexes  for  output  and  employment.  For  purposes 
of  this  study  the  average  of  the  two  indexes  are  used  to  project 
industrial  water  requirements. 

Table  10  in  each  subbasin  report  summarizes  the  projected 
municipal  and  industrial  water  requirements  by  minor  economic  areas 
and  by  subbasin. 

Water  Supply  Problems 

Table  10  in  each  subbasin  report  shows  the  projected  municipal 
and  industrial  water  use  for  minor  economic  and  "other"  areas.  The 
distribution  of  this  use  within  minor  economic  areas was  examined  to 
determine  where  major  water  shortages  might  exist  now  or  be  expected 
to  occur  in  the  future. 
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TABLE  1 


J 


) 

i 

l 


INDUSTRIAL  WATER  USE  PER  EMPLOYEE  IN  OHIO 
(365  day  year  basis) 


SIC* 

CODE 

Industry 

Av.  use,  2 
digit  SIC 
gal/emp/day 

Water  use  rai 
4 digit  SIC 
gal/emp/day 

19 

Ordnance 

100 

- 

20 

Food  and  Kindred  Products 

700 

100-8,200 

21 

Tobacco  Manufacturing 

60 

30-100 

22 

Textile  Mill  Products 

600 

10-2,500 

23 

Apparel  and  Related  Products 

40 

20-80 

24 

Lumber  and  Wood  Products 

80 

10-100 

25 

Furniture  and  Fixtures 

200 

30-300 

26 

Paper  and  Allied  Products 

2,200 

100-7,500 

27 

Printing  and  Publishing 

200 

40-400 

28 

Chemical  and  Allied  Products 

9,100 

20-31,400 

29 

Products  of  Petroleum  and  Coal 

8,900 

300-27,800 

30 

Rubber  Products 

1,300 

10-5,200 

31 

Leather  and  Leather  Products 

100 

30-900 

32 

Stone,  Clay  and  Glass  Products 

1,200 

30-10,200 

33 

Primary  Metals  Industries 

14,500 

50-123,000 

34 

Fabricated  Metal  Products 

1,900 

100-10,900 

35 

Machinery,  except  Electrical 

300 

100-400 

36 

Electrical  Machinery 

200 

100-400 

37 

Transportation  Equipment 

300 

100-1,100 

38 

Instruments  and  Related  Products 

100 

50-100 

39 

Misc.  Manufacturing  Industries 

300 

10-700 

State 

2,900 

10-123,000 

♦Standard  Industrial  Classification  Code. 


. 


20 


TABLE  2 
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WATER  QUALITY  CONTROL 


Municipal  and  Industrial  Waste  Loads 

The  s rength  of  municipal  sewage  may  be  described  in  terms 
of  any  of  several  characteristics,  the  most  important  of  which 
are:  solids  (both  suspended  and  dissolved),  biochemical  oxygen 
demanding  (BOD)  or  chemical  oxygen  demanding  (COD)  organic 
materials,  bacteria,  nutrients,  and  toxic  materials.  The  amounts 
of  these  various  materials  to  be  expected  in  sewage  effluent  will 
vary  greatly  depending  on  the  degree  of  treatment  and  character 
of  the  sewage.  The  main  factors  affecting  the  character  of 
municipal  sewage  are:  type  of  sewer  system  (combined  or  separated), 
infiltration,  industrial  wastes  discharged  to  municipal  sewers, 
temperature  and  age  of  sewage . 

Treatment  of  sewage  at  this  time  involves  the  removal  of 
settleable  and  floating  solids  from  the  waste  flow  (primary 
treatment),  subsequent  biological  treatment  of  primary  effluent  for 
reduction  of  soluble  and  suspended  organic  matter  (secondary 
treatment)  and  chlorination  for  reduction  of  bacterial  numbers. 

The  BOD  of  waste  effluents  is  usually  the  most  objectionable 
characteristic  from  a water  pollution  standpoint  and  its  reduction 
is  one  of  the  primary  aims  of  sewage  treatment  processes . Organic 
pollution  and  its  effects  on  the  oxygen  balance  of  the  stream  has 
been  selected  as  the  controlling  factor  in  maintaining  water  quality 
in  the  stream  to  quantify  required  streamf lows . 

The  biological  stabilization  of  the  organic  material  in 
receiving  waters  utilizes  oxygen  which  is  obtained  from  that 
available  in  the  receiving  water.  Reduction  of  the  oxygen  content 
of  natural  waters  reduces  their  suitability  as  an  environment  for 
the  higher  forms  of  aquatic  life.  Reduction  to  a very  low  level 
would  prevent  any  fish  life  and  give  rise  to  odors  and  other 

I undesirable  conditions.  Reduction  of  waste  effluent  carbonaceous 

BOD  by  the  practical  conmon  methods  of  treatment  has  been  carried 
on  to  a high  degree.  With  well  designed  and  operated  treatment 
facilities  removals  of  95  percent  can  be  achieved. 
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Pollutional  characteristics  of  industrial  wastes  are  so  varied 
it  is  not  possible  to  establish  a quantitative  measure  of  industrial 
waste  discharge  that  covers  all  factors,  although  partial  evaluation 
can  be  made  with  respect  to  specific  characteristics.  A major  factor 
in  pollution  by  industrial  waste  as  well  as  by  municipal  sewage  is 
the  quantity  of  organic  matter  discharged,  and  since  much  of  this 
material  is  oxidized  by  chemical  and  bacterial  action  treatment 
processes,  removal  is  much  the  same  as  for  municipal  wastes. 

The  quantity  of  industrial  organic  contamination  has  been 
reported  by  comparison  with  domestic  sewage  on  the  basis  of  population 
equivalent  (P.E.).  Population  equivalent  should  be  clearly  understood 
in  this  report  as  referring  to  only  oxidizable  organic  material  as  the 
waste;  it  does  not  take  into  account  other  pollutional  characteristics 
that  may  be  of  equal  or  greater  significance.  A different  type  of 
P.E.  has  occasionally  been  used,  based  on  suspended  solids  load; 
population  equivalents  are  also  possible  with  respect  to  chlorine 
demand,  total  volume  or  certain  other  characteristics • Such  factors 
as  toxicity,  however,  cannot  be  described  by  comparison  with  domestic 
sewage. 


The  following  tabulation  gives  an  indication  of  comparison  between 
some  industrial  wastes  and  municipal  sewage  by  population  equivalent. 


Oxygen  Demand  & Suspended  Solids  of 
Waste  Produced  per  Employee  of  Each 
Industry  as  Compared  with  Domestic 
Sewage  (Sewage  ■ l)V 


Industry 

Oxygen  Demand 

Suspended  Solids 

Tannery 

25.3 

12.0 

Chemical  Manufacturing 

22.5 

7.4 

Organic  Waste 

2.9 

2.4 

Mill  Pickling 

3.6 

3.8 

Dye  Wastes 

44.2 

5.U 

Laundry 

22.8 

22.2 

Distillery 

470.0 

181.0 

Dairy 

44.6 

5.7 

Miscellaneous 

13.2 

6.8 

^/"Principles  of  Sewage  Treatment/'  Dr.  Willem  Rudolphs, 
Rutgers  University,  1950. 
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A toxic  material  present  in  industrial  wastes  must  be  evaluated 
individually  as  & pollutant.  Other  pollutional  characteristics  of 
industrial  wastes  that  should  be  investigated  and  reported  on  an 
individual  basis  rather  than  by  comparison  with  municipal  sewage 
include:  dissolved  matter,  oil  and  grease,  color,  taste,  odor,  acidity 
or  alkalinity,  pH,  and  temperature . Quantities  and  concentrations 
vary  greatly  from  one  industry  to  another  and  even  within  the  same 
industry. 

The  procedures  employed  for  treatment  of  pollutional  constituents 
will  remove  sizable  suspended  solids  by  screening  or  settling;  remove 
fats,  oils  and  greasy  solids  by  floatation  and  skimming  procedures, 
aided  in  some  cases  by  chemical  treatment;  remove  colloidal  materials 
by  flocculation  with  chemical  coagulants  followed  by  settling  and 
possibly  filtraticn;  neutralize  excessive  acidity  or  alkalinity  by 
addition  of  chemicals;  remove  or  stabilize  dissolved  solids  by 
chemical  precipitation  or  biological  processes  or  combinations  of  both; 
remove  color  by  chemical  treatment,  with  settling  or  filtration, 
singly  or  in  combination  and  reoxygenate  the  wastes  by  suitable 
aeration. 

It  can  be  seen  from  previous  discussion  that  to  analyze 
individual  industries  as  to  their  particular  waste  would  be  a 
tremendous  and  complex  task  involving  many  detailed  field  studies  for 
a river  basin  such  as  the  Ohio.  For  purposes  of  this  study,  it  is 
believed  that  evaluation  of  industrial  waste  loadings  in  terms  of  BOD 
population  equivalent  will  give  results  consistent  with  framework 
type  studies  that  are  to  provide  comparison  of  pollutional  loads 
between  areas  and  point  up  future  problem  areas  based  on  increased 
pollutional  loads  as  population  and  industrial  activity  increases  in 
these  areas. 

The  figure  of  .25  pounds  of  ultimate  BOD  per  person  per  day 
may  be  considered  as  representative  of  municipal  sewage  containing 
a moderate  proportion  of  industrial  waste.  Highly  industrialized 
communities  would  have  a higher  per  capita  demand,  while  for  small 
purely  residential  areas  the  per  capita  figure  may  be  lower. 

Industrial  waste  loads  were  evaluated  by  type  of  industry  in 
terms  of  population  equivalents  and  summarized  to  quantify  waste 
loads  generated  for  each  small  area. 
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Water  Quality  Problems 


Each  of  the  minor  areas  shown  in  the  subbasin  reports  was 
examined  for  distribution  of  the  waste  loads  within  the  area,  and 
stream  reaches  affected.  It  was  considered  economically  feasible 
to  collect  the  wastes  and  reduce  the  waste  load  by  at  leant  85 
percent  by  conventional  treatment.  Hie  remaining  15  percent  of 
the  total  waste  load  was  assumed  to  reach  the  stream  and  this  load 
as  apportioned  was  compared  with  the  assimilative  capacity  of  the 
stream.  The  seven  day  average  low  flow  with  a return  period  of  once 
in  ten  years  was  used  as  a design  flow  to  determine  the  assimilative 
capacity.  If  the  residual  waste  load  after  85  percent  treatment 
exceeded  that  which  would  lower  the  dissolved  oxygen  in  the  stream 
below  4 parts  per  million  at  the  indicated  flow,  for  a temperature  of 
25°C,  the  area  was  termed  a potential  problem. 

Table  ih  in  each  subarea  report  summarizes  problem  areas 
and  the  approximate  beginning  date  when  problems  are  expected 
during  low  flow  periods.  Secondary  treatment  is  assumed  regardless 
of  treatment  at  the  present  time.  These  tables  indicate  that  there 
is  a need  for  flow  regulation  for  quality  control  or  other  appropriate 
measures  beyond  secondary  treatment  must  be  taken  for  pollution 
control.  The  general  nature  of  determining  waste  loadings,  area  of 
discharge,  degree  of  treatment  and  lack  of  field  studies  to  determine 
assimilative  capacities  presented  problems  in  determining  flow 
regulation  needs  after  treatment.  However,  general  order  of  magnitude 
of  flows  required  to  assimilate  wastes  after  treatment  are  given  in 
each  subbasin  report  for  the  major  problem  areas.  These  flows  are 
based  on  the  assumptions  that  treatment  will  be  provided  all  wastes; 
that  at  least  85  percent  biochemical  oxygen  demand  is  removed;  that 
all  settleable  solids  that  viU  form  putrescent  demand  is  removed; 
that  all  settleable  solids  that  will  form  putrescent  or  otherwise 
objectionable  sludge  deposits  are  removed;  that  oil,  scum,  floating 
materials  and  substances  producing  color  and  odor  are  removed  to 
such  degrees  required  to  prevent  unsightly  or  deleterious  conditions; 
that  1 substances  that  are  toxic  or  harmful  to  human,  animal, 
plant  or  aquatic  life  by  themselves  or  in  combination  are  removed; 
that  heated  discharges  will  be  sufficiently  cooled  before  discharge 
to  prevent  stream  impairment  for  other  uses;  and  that  harmful  bacteria 
will  be  reduced  in  sufficient  number  to  allow  intended  stream  uses. 
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Flows  discussed  in  each  subbasin  report  are  subject  to 
the  following  qualifications: 

(1)  The  previous  stated  treatment  of  all  wastes  will 
be  provided. 

(2)  k water  quality  objective  of  4 mg/l  dissolved 
oxygen  is  acceptable. 

(3)  Flow  regulation  after  secondary  or  equivalent  treatment 
is  only  one  means  of  water  quality  control. 

(4)  Water  available  frcrn  storage  for  purposes  of  flow 
regulation  will  be  of  good  quality. 

(5)  Appraisals  given  are  subject  to  more  detailed 
analysis  of  specific  areas . 

Other  problems  of  water  quality  such  as  acid  mine  drainage,  brine 
pollution,  heat,  taste  and  odors,  and  nutrients  are  discussed, 
where  applicable,  in  each  subbasin  report. 
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III  DEFINITION  OF  TERMS 


Primary  Severe  Treatment 


The  first  major  process  or  group  of  processes  in  a 
sewage  treatment  works  is  usually  screening,  shredding  and 
sedimentation.  This  process  will  remove  a high  percentage  of 
suspended  matter  but  little  colloidal  and  dissolved  matter.  It 
is  designed  to  settle  the  bulk  of  organic  and  inorganic  solids 
that  are  insoluble . About  30  to  40  percent  of  the  biochemical 
oxygen  demanding  materials  can  be  removed  but  little  or  none 
of  the  more  resisting  substances . 

Intermediate  Sewage  Treatment 

A sewage  treatment  process  or  group  of  processes  capable 
of  removing  a high  percentage  of  suspended  solids  and  a substantial 
percentage  of  colloidal  matter  but  little  dissolved  matter.  This 
type  of  treatment  is  capable  of  removing  up  to  75  percent  of  the 
biochemical  oxygen  demand. 

Secondary  Sewage  Treatment 

This  type  of  treatment  involves  the  application  of  a 
biological  process  to  the  primary  effluent  in  which  bacterial 
or  biochemical  action  is  intensified  to  stabilize,  oxidize  and 
nitrify  the  unstable  organic  matter  present.  Activated  sludge, 
trickling  filtration,  contact  stabilization  and  extended 
aeration  are  cormnon  in  secondary  treatment. 

In  the  secondary  process,  suspended  and  dissolved  organic 
materials  that  can  be  attacked  by  organisms  are  partially  or 
completely  destroyed.  Usually  80  to  95  percent  of  the  oxygen 
demand,  as  measured  by  the  biochemical  oxygen  demand  test  will 
be  satisfied.  Although  under  proper  conditions  and  with  sufficient 
time,  all  organic  materials  may  be  degraded  by  appropriate  organisms, 
complete  degradation  does  not  occur  on  a practical  basis  and  some 
residual  or  refractory  materials  remain  in  the  effluent. 
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Advanced  Waste  Treatment 

Selective  application  of  presently  uncommon  biological 
treatment  and  physical-chemical  separation  processes  utilized 
separately  and  in  combination  to  remove  organic  and  inorganic 
contaminants  that  resist  present  day  conventional  treatment 
processes . 

Design  Flow 

Relating  to  Water  Supply.  The  one  day  low  streamflov 
that  can  be  expected  to  be  equalled  or  exceeded  on  the  average  of 
29  years  out  of  30,  used  as  a comparison  for  water  supply  needs. 

Relating  to  Quality  Control.  The  seven  day  average  low 
streamflov  that  can  be  expected  to  be  equalled  or  exceeded  in 
90  percent  of  the  years , used  as  a comparison  for  water  quality 
flow  augmentation  needs  after  secondary  treatment. 

The  design  flow  is  not  always  shown  in  the  tables,  however 
the  estimated  design  flow  is  discussed  in  the  text. 

Water  Supply  Problem  Area- 

An  area  where  combine!  dependable  surface  and  ground  water 
resources  are  or  will  be  insufficient  to  meet  present  or  projected 
water  supply  needs . Problem  areas  are  primarily  those  of  inadequate 
supply,  however  where  quality  problems  of  supply  are  known  they  are 
listed  and  discussed. 

Water  Quality  Problem  Area 

An  area  where  the  surface  water  resource  (the  design  flow) 
is  insufficient  to  meet  the  flow  required  to  assimilate  present  or 
projected  BOD  waste  injections  to  a stream  assuming  that  secondary 
treatment  is  effected  before  discharge . Those  areas  that  have 
problems  at  present  may  not  be  listed  as  a problem  area  due  to 
the  assumption  that  secondary  treatment  is  provided. 

Satisfactory  Stream  Conditions 

This  term  relates  generally  to  the  amount  of  dissolved 
oxygen  in  the  stream  caused  by  the  biochemical  oxygen  demand  (BOD) 
exerted.  If  the  dissolved  oxygen  concentration  is  not  equal  or  is  not 
expected  to  be  equal  to  or  above  4.0  mg/l  at  the  point  of  maximum 


dissolved  oxygen  depletion  then  stream  conditions  are  unsatisfactory. 
If  dissolved  oxygen  conditions  are  equal  to  or  above  4.0  mg/l  at 
the  point  of  maximum  sag,  satisfactory  stream  conditions  exist. 


aulation  Equivalent  (P.E., 


The  measure  of  the  strength  of  a waste  converted  to  an 
equal  number  of  people  required  to  produce  the  same  biochemical 
oxygen  demand.  In  terms  of  ultimate  first  stage  BOD,  0.25  pounds 
of  BOD  was  considered  as  one  population  equivalent. 
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I V 


BASIN  SUMMARY 


DESCRIPTION  OF  OHIO  RIVER  BASIN 


Location  and  Boundaries 


The  Ohio  River  Basin  (exclusive  of  the  area  drained  by 
the  Tennessee  River)  has  a drainage  area  of  163,200  square  miles 
comprising  parts  of  11  States  in  the  East,  Central  and  Northeastern 
part  of  the  United  States  (See  Figure  1).  The  basin  occupies  1,957 
square  miles  in  New  York,  15,619  square  miles  in  Pennsylvania, 

428  square  miles  in  Maryland,  4,097  square  miles  in  Virginia,  770 
square  miles  in  North  Carolina,  29,668  square  miles  in  Ohio,  20,513 
square  miles  in  West  Virginia,  38,038  square  miles  in  Kentucky,  11,354 
square  miles  in  Tennessee,  29,317  square  miles  in  Indiana  and  11,439 
square  milei.  in  Illinois . The  Ohio  River  is  formed  by  the  confluence 
of  the  Allegheny  and  Monongahela  Rivers  at  Pittsburgh,  Pennsylvania, 
the  point  customarily  designated  as  river  mile  zero  on  Ohio  River 
main  stem  navigation  charts . Freni  this  point  it  flows  in  a north- 
westerly direction  for  about  25  miles  then  turns  westward  where  it 
becomes  the  boundary  between  Ohio  and  West  Virginia.  From  here  it 
continues  in  a southwesterly  direction  progressively  forming  the 
northern  boundaries  of  West  Virginia  and  Kentucky  and  the  southern 
boundaries  of  Ohio,  Indiana,  and  Illinois.  It  joins  the  Mississippi 
River  at  Cairo,  Illinois,  981  miles  dov/nstream  of  its  origin  at 
Pittsburgh. 

The  17  tributary  drainage  areas  listed  in  Table  3 account  for 
138,070  square  miles  or  85  percent  of  the  Ohio  River  drainage  area 
considered  in  this  report.  Approximate  mileages  frcm  the  mouth  of 
the  Ohio  to  the  confluence  of  these  tributaries  and  the  main  stem 
are  also  given. 

Physical  Features 


The  Ohio  River  Basin  covers  an  area  including  several 
distinctive  physiographic  regions.  The  eastern  portion  of  the 
basin  lies  predominantly  within  the  Appalachian  Plateau , although 
portions  of  the  drainage  areas  of  the  Monongahela  and  Kanawha  Rivers 
are  in  the  Blue  Ridge  and  Valley  and  Ridge  provinces  (the  Appalachian 
Mountains).  The  western  portion  of  the  basin  lies  within  the  Interior 


TABLE  3 


OHIO  RIVER  BASIN 


Ohio  River  Tributaries 

Mileage  From 

Mouth  of  Ohio  River  Drainage  Area 


River  Basin 

Northern 

Tributaries 

Southern 

Tributaries 

Square  Miles 

Allegheny  River 

98LO 

11,700 

Monongahela  River 

981.0 

7,400 

Beaver  River 

955.6 

3,130 

Muskingum  River 

808.9 

8,040 

Little  Kanawha  River 

796.4 

2,320 

Kanawha  River 

715.3 

12,200 

Guyandotte  River 

675.8 

1,670 

Big  Sandy  River 

663.9 

4,280 

Scioto  River 

624.5 

6,510 

Little  Miami  River 

516.9 

1,760 

Licking  River 

510.8 

3,670 

Great  Miami  River 

489-9 

5,400 

Kentucky  River 

435.2 

6,970 

Salt  River 

351.1 

2,890 

Green  River 

196.8 

9,230 

Wabash  River 

133-0 

33,100 

Cumberland  River 

60.6 

17,920 

Main  Stem  i-  Smaller 

Tributaries 

24,840 

163,030 
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low  plateau  and  Central  Lowland  provinces,  except  for  a relatively 
small  area  at  the  mouth  of  the  Ohio  River,  where  it  drains  into 
the  lower  Mississippi  River  at  the  northern  tip  of  the  Gulf 
Coastal  Plain.  The  physiographic  setting  of  the  basin  and  the 
character  of  the  bedrock  formations  and  unconsolidated  glacial 
and  alluvial  sediments  are  described  in  greater  detail  in 
Appendix  E prepared  by  the  U.  S.  Geological  Survey  (see  Appendix 
E,  plates  3,  *+>  and.  5). 

Ancient  buried  river  valleys,  deeply  entrenched  in  the 
bedrock  and  subsequently  filled  with  glacial  debris,  are  widespread 
subsurface  formations  of  the  basin  in  Indiana,  Ohio,  northwestern 
Pennsylvania  and  New  York.  The  material  filling  many  of  these  is 
of  a highly  permeable  composition;  their  present  use  and  future 
potential  as  sources  of  water  supply  are  among  the  water  assets 
of  the  basin.  Bedrock  throughout  the  basin  is  principally  of 
sedimentary  origin  and  varies  frcm  dense  impermeable  siltstones 
and  shales  through  open  textured  limestone  and  sandstone.  The 
degree  to  which  the  bedrock  is  water  bearing  and  forms,  or  is 
potentially  a significant  source  of  ground  water,  is  with  respect 
to  each  tributary,  locally  variable.  Specific  reference  to  local 
condition  is  made  in  part  2 on  individual  basin  areas. 

The  Appalachian  coal  fields  underlie  the  basin  in  eastern 
Ohio,  western  Pennsylvania,  southeastern  West  Virginia,  and 
eastern  Kentucky,  while  in  the  western  part  of  the  basin,  parts 
of  the  mid-continental  fields  are  found  in  western  Kentucky  and 
southern  Illinois  and  Indiana.  Petroleum  deposits  are  generally 
found  associated  with  the  coal  fields  as  fringe  areas  along  the 
basin  interior  edges  of  the  coal  deposits  and  in  east-west  line 
across  central-western  Ohio.  Extraction  of  these  materials  is  an 
important  industrial  activity  in  their  respective  localities  and 
in  respect  to  coal,  reserves  are  sufficient  to  sustain  the  industry 
over  the  future  period  of  interest  of  this  study.  Extraction  and 
processing  of  the  coal  has  given  rise  to  acid  mine  and  silt  con- 
tamination of  the  local  surface  drainage  while  the  oil  wells  have 
frequently  been  a source  of  brine  discharge  to  local  surface  streams 
and  underground  aquifers. 

The  Ohio  River  drainage  system  is  almost  wholly  devoid  of 
natural  lakes  and  swamps.  Natural  lake  areas  are  fcund  only  in  the 
upper  headwaters  of  the  Wabash  River  drainage  and  these  are  so 
limited  in  extent  as  to  be  of  only  local  concern  in  respect  to  water 
supply  sources  and  waste  disposal.  Notable  swamp  areas  formerly 


appeared  contiguous  with  the  Wabash  lake  area  region,  in  the  head- 
waters of  the  Scioto  River  and  along  the  lower  course  of  the  Wabash 
and  Ohio.  However,  dikes,  dredged  ditches  and  tilling  systems  have 
been  developed  throughout  the  areas  and  the  lands  for  the  most  part 
have  been  brought  to  a well-drained  condition.  Water  conservation 
reservoirs,  ranging  in  size  from  farm  ponds  to  municipal,  State  and 
Federal  developments  of  tens  of  thousands  of  acre-feet  capacity, 
have  been  developed  at  many  points  throughout  the  basin.  Navigation 
dams  creating  flow-through  impoundments  whose  pools  range  in  depth 
from  about  6 to  45  feet  are  located  along  the  main  stream  and  on 
reaches  of  nine  tributaries.  Many  of  these  serve  as  diversion  and 
temporary  storage  facilities  in  the  water  supplies  of  coimnunities  and 
industries  located  adjacent  to  their  pools  and  all  of  them  modify  the 
natural  assimilative  capacities  of  the  impounded  streams. 

Climate 

The  average  annual  temperature  varies  frcm  about  58°F  in  the 
Cumberland  Basin  to  about  45°F  in  the  headwaters  of  the  Allegheny 
and  is,  in  general,  uniformly  distributed  frcm  southwest  to  northgast 
between  these  limits.  Average  January  temperatures  range  from  25  F 
to  35°F  while  those  in  July  are  from  70°F  to  80°F.  Summer  maximums 
of  100°F  to  111°F  have  been  recorded  throughout  the  basin  while 
winter  temperature  extremes  are  well  below  freezing  and  often  long 
enough  continued  to  create  ice  covering  on  the  surface  streams. 

The  average  annual  precipitation  varies  from  about  36  inches 
in  the  northern  part  of  the  basin  to  about  52  inches  in  the  southern 
part  of  the  Cumberland  watershed,  and  except  for  local  departures 
over  the  Highlands  is  generally  uniformly  distributed  from  north  to 
south.  The  average  precipitation  is  normally  uniformly  distributed 
throughout  the  year  there  being  only  slightly  more  falling  in  the 
spring  and  summer  months  than  in  the  fall  and  winter  period.  However, 
wide  departures  from  the  average  have  occurred.  During  severe  drought 
years  as  little  as  50  percent  of  the  annual  average  has  occurred  in 
various  parts  of  the  basin  and  in  some  instances,  but  to  a lesser 
degree  of  severity,  the  drought  conditions  have  continued  over  several 
consecutive  years.  Of  interest  are  the  effects  of  such  periods  on 
streamflow  and  the  consequent  availability  of  water  to  areas  accustomed 
in  their  development  to  normally  humid  climatic  conditions.  As  illus- 
tration, the  years  1930  and  1934  witnessed  severe  drought  throughout 
the  western-central  parts  of  the  basin.  With  an  average  annual  runoff 
of  10.85  inches  the  Little  Wabash  fell  to  2.36  inches  in  1930  and 
2.40  inches  in  1934;  the  White  River,  average  annual  runoff  11. 38 
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inches,  fell  to  3.94  inches  in  1930  and  3-49  inches  in  1934. 

These  conditions  were  not  limited  to  Illinois- Indiana  portions 
of  the  basin  but  were  experienced  in  a diminishing  degree  eastward 
through  Ohio  and  southeastward  through  Kentucky.  Many  communities 
dependent  upon  run  of  river  water  supply  sources  faced,  hazardous 
public  health  and  safety  conditions  in  the  curtailment  of  their 
supply.  Similar,  if  only  slightly,  less  severe  widespread  drought 
conditions  occurred  throughout  the  basin  during  the  years  of  1936, 
1941,  and  1954  and  more  recently  for  several  consecutive  years  in 
the  early  1960's. 

Principal  Ccmmunities  and  Industries 

The  drainage  area  of  the  Ohio  River  considered  in  this  report 
includes  many  regions  of  concentrated  population  and  industrial 
establishments.  There  are  21  standard  metropolitan  statistical 
areas  within  the  Ohio  River  Basin  representing  a total  urban 
population  of  7,892,400  people,  or  72  percent  of  the  total  urban 
population  in  the  basin.  Location  of  Standard  Metropolitan 
Statistical  Areas  (S.M.S.A.)  are  shown  in  Figure  1. 

Except  for  Nashville,  Tennessee,  on  the  Cumberland  River,. 
Lexington,  Kentucky  on  the  Kentucky  River,  and  Charleston,  West 
Virginia,  on  the  Kanawha  River,  these  S.M.S.A.'s  are  spread  along 
the  Main  Stem  Ohio  River  or  in  the  northern  tributary  basins . 

There  are  1,301  communities  with  1,000  or  more  papulation  or 
an  aggregate  population  of  11,400,000.  The  following  group  shows 
a breakdown  of  these  communities  by  size  groupings: 

Population  No.  of  Communities 


2,000-5,000 

390 

5,000-10,000 

212 

10,000-50,000 

171 

50,000-100,000 

15 

over  100,000 

10 

Industrially  and  agriculturally,  the  area  is  cne  of  the  richer 
in  the  Nation.  Agricultural  land  comprises  about  one-third  of  the 
basin.  The  chief  products  are  com,  hay,  oats,  livestock,  wheat, 
soybeans,  and  tobacco.  A large  share  of  the  national  production  of 
steel,  coal,  oil,  natural  gas,  building  limestone,  fire  clay,  asphalt, 
and  fluorspar  is  credited  to  the  Ohio  Basin.  Other  industries  and 
other  products  of  national  importance  are  automobiles,  rubber, 
electrical  machinery,  meat  packing  and  tobacco  processing. 
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Pittsburgh,  favored  in  early  development  by  its  location 
at  the  head  of  the  Ohio  River  navigation  and  in  the  midst  of 
extensivd  coal  deposits,  has  become  an  outstanding  center  of  the 
steel  industry.  The  Allegheny  and  Monongahela  Rivers  meet  in  the 
city  at  the  tip  of  "6b*4gn  Triangle"  to  form  the  Ohio  River.  It 
is  the  center  of  the  bitunfts^us  coal  region  which  also  contains 
natural  gas,  oil,  and  limestone^ 

Youngstown,  Ohio,  is  the  cen^e^of  a large  pig  iron  and 
steel  making  center  and  heart  of  a metronplitan  district  which 
includes  steel-producing  cities  of  the  Mahoning  and  Shenango 
valleys  (Warren,  Niles,  Campbell,  Struthers  and  Girard,  Ohio  and 
Sharon  and  Farrell,  Pennsylvania). 


Abundant  mineral  resources  combined  with  cheap  fuel  and 
power  have  fostered  the  development  of  a large  chemical  complex 
at  and  near  Charleston,  West  Virginia,  on  the  Kanawha  River  which 
produces  synthetic  and  natural  hydrocarbons , glass  and  alloys. 

Table  4 lists  the  21  standard  metropolitan  statistical 
areas  in  the  basin,  the  various  counties  contained  therein, 
location  in  the  basin  and  industries  that  are  prominent  in  the 
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of  Indianapolis  mobile  parts,  electrical  equipment,  steel  and 

wire  products,  cutlery,  silver  plate  ware,  hone 
canning  equipment , furniture,  bedding;  dairying  and 
meat  packing. 


General  Description  of  Basin  Economy 

The  Ohio  River  Basin  encompasses  areas  of  great  resource 
diversity  and  of  considerable  difference  in  the  degree  of  economic 
development.  The  northeastern  part  of  the  basin,  which  includes 
Pittsburgh,  Pennsylvania,  Youngstown,  Ohio,  and  Reeling,  West 
Virginia,  is  one  with  a very  high  degree  of  urbanisation  with  heavy 
emphasis  on  manufacturing,  particularly  the  production  of  durable 
goods  and  steel.  The  southern  and  southeastern  portions  of  the  basin 
are  in  the  central  and  eastern  upland  region,  which  is  characterized 
by  a high  proportion  of  hilly  land,  large  families,  but  lower  than 
average  population  growth  because  of  high  out-migration  of  people, 
relatively  great  importance  of  mining,  large  number  of  small-scale 
or  part-time  farms,  and  a large  number  of  small  and  medium-sized 
cities  having  a chronically  high  unemployment  problem. 

The  remainder  of  the  basin,  i.e..  Western  Ohio,  most  of  Indiana, 
and  Eastern  Illinois,  encompasses  a large  part  of  the  Nation's  bread- 
basket and  also  contains  important  machinery  and  fabricated  metal 
products  manufacturing  complexes.  The  growth  of  major  metropolitan 
concentrations  in  this  region  has  accompanied  the  westward  expansion 
of  the  U.  S.  manufacturing  belt  across  the  northern  half  of  Ohio, 
Indiana,  and  Illinois. 

Population 

In  i960,  the  basin  contained  over  19  million  people  or  about 
11  percent  of  the  continental  United  States.  This  share  has  gradually 
been  decreasing  since  the  beginning  of  the  century  when  the  basin 
accounted  for  14  percent  of  the  total.  It  is  projected  to  decline 
even  further,  though  at  a slower  rate,  so  that  at  the  end  of  the 
50-year  projected  period,  the  basin  may  be  expected  to  account  for 
only  eight  percent  of  the  Nation's  population  or  about  31.6  million 
people.  The  projected  difference  in  rates  of  population  growth 
between  the  basin  and  the  Nation  primarily  stems  from  the  assumption 
of  a continued  outward  movement  of  people  to  other  areas  in  the 
Nation  in  response  to  interregional  differentials  in  economic 
opportunity. 
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The  historical  lag  of  the  region  behind  the  Nation  was 
accentuated  during  the  I9UO-I96O  period  when  out-migration  from 
the  basin  reached  its  peak.  During  1950,  when  the  national  rate  of 
natural  increase  reached  new  highs,  the  U.  3.  population  grew  at  twice 
the  rate  of  the  basin. 

Urbanization 


Historically,  the  trend  has  been  for  increased  urbanization. 
This  is  so  primarily  because  of  increased  industrialization  and 
improved  technology  in  agriculture  and  mining.  An  indication  of  the 
rural-urban  shift  is  that  in  i860,  the  urban  percentage  was  only 
about  30  percent  while  in  i960,  it  was  about  70  percent  and  is  pro- 
jected to  be  over  80  percent  by  2010. 

Personal  Income 


Projections  of  personal  income  were  derived  from  the  econometric 
model  which  was  used  to  project  output  by  industry  sectors.  Total 
personal  income  in  the  basin  in  i960  was  about  $38  billion  with  a per 
capita  personal  income  of  about  two  thousand  dollars.  By  2010,  the 
basin  is  expected  to  reach  a total  personal  income  of  $212  billion 
and  a per  capita  personal  income  of  about  seven  thousand  dollars. 

This  is  a 237  percent  increase  in  per  capita  income  which  compares 
to  an  increase  of  245  percent  for  the  Nation  during  the  same  period. 

Labor  Force  and  Employment 

The  labor  force  of  the  basin,  which  in  i960  accounted  for 
about  36  percent  of  the  total  population,  is  projected  to  grow 
somewhat  more  rapidly  than  the  population  because  it  is  expected  that 
as  the  basin  becomes  more  urbanized  and  as  the  birth  rate  declines, 
there  will  be  an  increase  in  labor  force  participation,  particularly 
among  women. 

The  industry  employment  pattern  of  the  basin  bears  a marked 
structural  resemblance  to  that  of  the  Nation,  particularly  when  the 
comparison  is  made  at  a level  of  industry  aggregation  such  as  agricul- 
ture, manufacturing,  trade,  etc.,  which  masks  some  of  the  differences 
that  would  appear  in  a detailed  industry  composition  comparison.  In 
the  basin  as  in  the  U.  S. , manufacturing  accounted  for  a growing 
share  of  total  employment  between  1930  and  i960.  However,  in  the 
basin,  manufacturing  continues  to  be  more  important  as  a source  of 
employment  (about  31  percent  in  i960)  theui  in  the  country  as  a whole 
(about  27  percent). 
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It  is  in  the  mining  sector  that  the  most  important  differences 
between  national  and  regional  employment  shares  are  to  be  found.  The 
basin,  which  produces  about  three-quarters  of  the  country's  bituminous 
coal,  had  about  three  percent  of  its  working  population  engaged  in 
mining  in  i960,  while  the  national  share  was  only  one  percent.  It 
is  noteworthy,  however,  that  in  mining,  unlike  in  manufacturing,  the 
employment  share  has  undergone  a drastic  decline,  especially  since 
1950.  In  the  Nation  as  a whole,  that  share  declined  by  almost  40 
percent,  while  in  the  basin  it  declined  by  more  than  55  percent 
during  the  1950-19&0  decade.  This  difference  resulted  from  the  facts 
that  coal  mining  makes  up  a much  greater  proportion  of  total  mining 
in  the  basin  than  it  does  in  the  Nation,  and  application  of  tech- 
nological advancements  in  coal  mining  have  been  greater  than  in  other 
types  of  mining. 

Agricultural  employment  also  decreased  as  a share  of  total 
employment.  In  1930,  agriculture  accounted  for  more  than  20  percent 
of  total  employment,  whereas  in  i960  it  accounted  for  less  than 
seven  percent  regionally  as  well  as  nationally. 

J 

The  historical  decrease  in  the  contribution  of  agriculture  and 
mining  to  total  employment  in  the  basin  is  partially  offset  by  the 
growing  proportion  of  jobs  in  the  trades,  services,  and  the  government 
sector.  This  trend  is  evident  at  both  national  and  regional  levels, 
but  in  i960  the  basin  still  trailed  the  United  States  in  these  cate- 
gories of  employment. 

Manufacturing  Output 

The  gross  output  of  manufacturing  industries  expressed  in 
constant  dollars  is  projected  to  double  between  i960  and  1980  and 
then  grow  by  another  IU3  percent  between  1980  and  2010.  Electrical 
machinery,  transportation  equipment,  and  chemicals  top  the  list  of 
the  basin's  growth  industries. 
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WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


Present  Municipal  and  Industrial  VJater  Supply 

In  1963  there  were  1,908  municipal  water  supply  facilities  in 
the  Ohio  River  Basin  furnishing  water  to  13,900,000  persons.  This 
number  of  facilities  represents  10  percent  of  the  municipal  water 
supply  facilities  and  9 percent  of  the  population  served  of  the 
United  States.  This  population  served  represents  about  72  percent 
of  the  total  population  and  1.2  times  the  population  classed  as 
urban  in  the  Ohio  River  Basin.  Five  years  earlier  (1958)  there  were 
one  million  less  people  served  from  central  facilities.  This  popula- 
tion served  represented  58  percent  of  the  total  Ohio  River  Basin 
population  and  slightly  more  than  the  urban  population  of  the  basin. 

During  this  same  five  year  period  (1958-1963)  the  total  popu- 
lation of  the  basin  increased  1.03  times,  the  urban  1.08  times  and 
the  population  served  from  central  water  facilities  1.28  times. 

Thus  we  see  that  the  population  served  has  increased  at  a rate  1.24 
times  the  total  population  rate  and  1.18  times  the  urban  rate  for  the 
five  year  period.  The  number  of  facilities  in  operation  has  remained 
about  the  same  for  this  period. 

Sixty-five  percent  of  the  above  facilities  are  publicly 
owned  and  account  for  71.6  percent  of  the  population  served.  The 
majority  of  the  facilities  utilize  ground  water  sources  (66.9  percent) 
but  account  for  only  31.2  percent  of  the  population  served;  83.6 
percent  of  the  facilities  have  some  type  of  treatment  and  account  for 
97.7  percent  of  the  population  served. 

Figures  4 and  4a  illustrate  the  status  and  breakdown 
of  municipal  water  facilities  by  number  of  plants  and  population 
served  as  to  sources  and  type  of  treatment. 

The  total  water  use  for  municipal  and  industrial  purposes 
amounted  to  10,685  million  gallon  per  day  (mgd)  in  the  Ohio  River 
Basin.  The  amount  excludes  that  withdrawn  for  cooling  in  thermal 
electrical  power  generation.  Approximately  83  percent  (or  8,900 
mgd)  was  used  for  industrial  purposes,  of  which  about  98  percent  is 
returned  to  the  stream  for  further  use.  Approximately  90  percent  of 
that  used  for  domestic  and  commercial  purposes  are  returned  as  waste 
flows . 
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The  present  total  municipal  and  industrial  v.-ater  use  for  each 
subbasin  and  main  stem  section  is  shown  numerically  in  the  center  of 
Figure  5- 

The  largest  combined  use  is  in  the  Monongahela  River  Basin  and 
accounts  for  45.5  percent  of  the  Ohio  River  Basin  water  use.  The 
Kanawha  River  Basin  accounts  for  l4.1  percent,  the  Beaver  Basin 
9.9  percent  and  the  Allegheny  and  Wabash  account  for  4.7  percent  and 
7.1  percent  respectively. 

The  Ohio  River  Main  Stem  accounts  for  only  10. 9 percent  of 
the  total  municipal  and  industrial  water  use  in  the  basin  excluding 
a very  large  use  by  thermal  electric  plants  along  the  main  stem. 

Projected  Municipal  and  Industrial  Water  Supply 

Figure  5 compares  the  projected  municipal  and  industrial  water 
use  to  the  basin  as  a whole  and  projected  use  within  the  subbasin  as 
multiples  of  present  use.  Present  water  use  within  the  basin  is 
shown  numerically  in  the  center  of  the  graph.  The  right  side  shows 
the  comparison  of  each  basin  to  the  total  water  use  within  the  entire 
Ohio  River  Basin.  To  the  left  of  the  graph  the  absolute  growth 
projected  for  each  subbasin  is  compared  with  one  another  and  the 
total  basin.  Also  shown  on  the  left  is  a compounded  growth  rate  to 
compare  growth  rates  projected  for  each  subbasin. 

The  general  westward  movement  of  population  and  industry  in 
the  basin  is  apparent  in  the  water  use.  Although  the  Monongahela 
River  Basin  presently  accounts  for  45  percent  of  the  MR  I water  use 
in  the  basin,  it  is  projected  to  be  reduced  to  38.6  percent  of  the 
Ohio  River  Basin  water  use  by  2020,  even  though  its  absolute  water 
use  is  expected  to  double  by  2020  as  seen  on  the  left  of  Figure  5. 
Similarly,  the  Beaver  River  and  the  upper  Main  Stem  Ohio  follow  this 
pattern. 


The  western  or  lower  subbasins  of  the  Ohio  all  show  increased 
water  use  by  2020  as  a percent  of  the  basin.  Absolute  increases 
average  about  four  to  five  times  the  present  usage.  Generally,  where 
the  present  base  is  smaller  the  percentage  of  increase  in  absolute 
water  use  is  greater. 

Water  Supply  Problems 

Figure  5 summarizes  the  present  and  projected  water  use  by 
subbasin  indicating  the  order  of  magnitude  of  use.  Although  useful 
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to  compare  one  subbasin  to  another,  and  trends  of  usage  for  a larger 
area,  water  use  for  an  entire  subbasin  does  not  present  the  complete 
picture  as  to  water  shortages  within  a subbasin.  The  distribution 
of  this  use  and  its  availability  for  reuse  may  considerably  reduce 
the  amount  of  water  indicated  to  meet  the  needs.  Also  the  ground 
water  availability  and  runoff  will  vary  in  different  parts  of  the 
subbasin. 

The  subbasin  reports  indicate  the  spread  of  water  use 
throughout  each  subbasin  and  those  stream  reach  areas  that  will  be 
short  of  sources  of  supply  for  municipal  and  industrial  purposes  based 
on  the  current  design  capability  of  surface  and  ground  water  systems . 

Table  5 summarizes  the  cumulative  number  of  problem  areas 
for  each  subbasin  by  projected  time  periods  thereby  indicating  the 
order  of  priority  for  more  detailed  individual  basin  studies  of 
water  supply  needs. 
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TABLE  5 

OHIO  RIVER  BASH! 


Summary  of  Water  Supply  Problem  Areas 


Cumulative 

Number  of  Problem  Areas 

No. 

Subbasin  Present 

I90O 

2000 2020 

1 

Allegheny 

1 

7 

12 

13 

2 

Monongahela 

2 

4 

4 

4 

3 

Beaver 

0 

4 

4 

4 

4 

Muskingum 

4 

18 

23 

23 

5 

Kanawha 

3 

5 

5 

5 

Little  Kanawha 

1 

1 

1 

1 

6 

Guyandotte 

0 

0 

0 

0 

Big  Sandy 

0 

0 

0 

0 

Little  Sandy 

0 

0 

0 

0 

7 

Scioto 

1 

8 

14 

15 

8 

Great  Miami 

0 

15 

25 

25 

Little  Miami 

3 

11 

12 

12 

9 

Licking 

3 

5 

5 

5 

Kentucky 

4 

5 

5 

Salt 

0 

1 

2 

2 

10 

Green 

3 

4 

4 

4 

11 

Wabash 

10 

23 

37 

39 

12 

Cumberland 

1 

5 

10 

15 

13 

Main  Stem  Upper  1/ 

0 

17 

22 

22 

Main  Stem  IIuntington2/ 

0 

2 

3 

3 

Main  Stem  Cincinnati3/ 

2 

7 

8 

8 

Main  Stem  Louisville?/. 

4 

5 

5 

5 

Main  Stem  Evansville?/  2 7 

1/  Includes  Hocking  River,  Chartiers  Creek, 
Robinson  Run. 

2/  Includes  Raccoon  Creek. 

3/  Includes  Mill  Creek,  Laughery  Creek  and 

7 

Little  Beaver  and 
Tanners  Creek. 

7 

5/  Includes  Pleasant  Run, 
2/  Includes  Saline  River. 

Big  Indian 

Creek 

and  Big  Blue  River 

• 
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Figure  1( 


Function 

Number  of  Facilities-Fac. 
Population  Served-P.S. 
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TREATMENT  OF  MUNICIPAL  WATER  SUPPLIES  IN  OHIO  RIVER  BASIN- 1963 


Facilities  - Fac . 
Population  Served  - P.S 
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I960  Mai  WATER  USE 

10.726  mgd 

OHIO  RIVER 

BASIN 

493  mgd 

ALLEGHENY 
RIVER  BASIN 

4 0 59  mg  d 

MONONGAHELA 
RIVER  BASIN 

10  54  rngd 

BEAVER  RIVER 
BASIN 

I 533  rngd 

KANAWHA  RIVER 
BASIN 

7 rngd 

LITTLE  KANAWHA 
RIVER  BASIN  j 

150  mgd 

MUSKINGUM 
RIVER  BASIN  | 
62  mgd 
BIG  SANDY 
RIVER  BASIN 

5 mgd 

GUYANDOTTE 
RIVER  BASIN 

0 3 mgd 

LITTLE  SANDY 
RIVER  BASIN 

136  mgd 
SCIOTO  RIVER 

BASIN 

0 mgd 

LICKING  RIVER 

BASIN 

30  mgd 

KENTUCKY  RIVER 

BASIN 

5mgd 
SALT  RIVER 
BASIN 

280  mgd 
GREAT  MIAMI 
RIVER  BASIN 

13  mgd 

LITTLE  MIAMI 
RIVER  BASIN 

4 58  rbg  d 

WABASH  RIVER 

BASIN 

112  mgd 
CUMBERLAND 
RIVER  BASIN 

i9  mgd 

GREEN  RIVER 


7 24 mgd 

OHIO  RIVER 
UPPER 
39i mgd 
OHIO  RIVER 
HUNTINGTON 

1 6 8 mgd 
Ohio  riv:r 

CINCINNATI 
13  7 mgd 
OHIO  RIVER 

LOUISVILLE 
73  mgd 
OHIO  RIVER 
EVANSVILLE 
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OHIO  RIVER  BASIN  FRAMEWORK  STUDY 

COMPARISON  OF 
PRESENT  & PROJECTED  WATER  USE 


U S DEPARTMENT  OF  THE  INTERIOR 
PEOfRAl  WATER  POLLUTION  CONTROL  ADMINISTRATION 

OHIO  RIVER  BASIN  PROJECT 


PROJECTED  M A I WATER  USE 
AS  MUlTIPKi  Of  PRESENT  USE 


M A I WATER  USE  - PERCENT  OF  BASIN  USf 
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FIGURE  5 


WATER  QUALITY  CONTROL 


Present  Municipal  and  Industrial  Waste 

In  1962  there  were  1,293  municipal  sewerage  facilities  in 
the  Ohio  River  Basin  serving  a population  of  11,357,121  people  in 
1,399  communities.  The  prestated  numbers  represent  11.1  percent  of 
the  municipal  sewerage  facilities  and  9*6  percent  of  the  nation's 
total  population  connected  to  sewers.  It  represents  58  percent  of 
the  Ohio  River  Basin  total  population  and  is  slightly  more  than  the 
population  classed  as  urban  in  the  basin.  Sixty- two  percent  of 
sewerage  systems  have  some  form  of  treatment  before  discharge  and 
serve  88  percent  of  the  population  served  by  sewers  and  50  percent 
of  the  total  basin  population.  Of  the  803  sewerage  facilities  that 
have  treatment,  518  have  secondary,  26  have  intermediate,  and  258 
have  primary  treatment.  A graphic  summary  of  municipal  sewerage 
facilities  and  treatment  is  illustrated  in  Figures  4 and  4a. 

There  are  noticeable  increases  in  the  percent  of  connected 
population  discharging  treated  and  raw  sewage  to  the  Ohio  River  Basin 
and  its  tributaries  in  the  five  year  period,  1958-1962.  This  increase 
amounted  to  28.6  percent  of  the  population  served  and  has  climbed 
from  19.3  percentage  points  below  the  national  average  in  1958  to 
equal  the  national  average  of  87.6  percent  in  1962. 

As  of  July  1,  1965  the  Ohio  River  Valley  Water  Sanitation  Commission 
(ORSANCO)  reports  a sewered  population  of  11,400,000  with  93  percent 
of  this  population  served  by  treatment.  Degree  01  treatment  provided 
is  25  percent  primary,  25  percent  intermediate,  and  48  percent 
secondary.  The  ORSANCO  district  embraces  portions  of  eight  States; 
Illinois,  Indiana,  Kentucky,  New  York,  Ohio,  Pennsylvania,  Virginia 
and  West  Virginia  and  covers  95  percent  of  the  land  area  and  92 
percent  of  the  total  population  covered  in  the  Type  1 report. 

Within  the  ORSANCO  district  there  are  1,723  industrial  estab- 
lishments whose  effluents  are  discharged  directly  to  streams.  Of 
these,  90  percent  have  installed  facilities  that  are  reported  to 
comply  with  minimum  control  requirements  established  by  ORSANCO. 

The  industries  discharging  the  majority  of  organic  waste  load 
to  the  streams  include  food  processing  plants,  paper  and  allied 
products  plants,  and  chemical  plants.  Inorganic  wastes  include  acid 
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from  steel  plants,  toxic  metal  wastes,  phenols  and  other  taste  and 
odor  producing  substances  from  coke  and  chemical  plants,  brines, 
sulphates,  color  producing  substances,  and  silt  frcm  coal  washing 
operations . 

Phenolic  compounds,  while  of  minor  importance  frcm  the 
biochemical  oxygen  demand  standpoint,  give  rise  to  offensive  tastes 
and  odors  in  public  water  supplies.  Their  removal  within  the  water 
treatment  plant  is  difficult  and  costly 

The  raw  municipal  and  industrial  waste  loads  generated  in  the 
Ohio  River  Basin  approximate  23  million  in  population  equivalents, 
of  which  about  63  percent  is  presently  removed  by  waste  treatment 
before  entering  the  stream.  The  basins  generating  the  largest 
quantities  of  waste  in  relation  to  the  total  basin  are  the  Wabash, 
Upper  Main  Stem  Ohio,  Kanawha,  Ohio  River  Main  Stem-Cincinnati, 

Great  Miami  and  Scioto  Rivers  in  order  of  magnitude.  These  six 
basin  areas  account  for  5^  percent  of  the  total  organic  load 
generated  in  the  basin.  Figure  7 compares  the  present  raw  waste 
loads  generated  in  each  tributary  basin  compared  to  the  total  Ohio 
River  Basin. 


Projected  Municipal  and  Industrial  Wastes 


Figure  7 illustrates  how  each  tributary  basin  raw  waste  loads 
are  projected  to  increase  in  relation  to  the  total  Ohio  River  Basin. 
Absolute  projected  increases  over  the  present  base  are  shown  on  the 
left  on  the  figure  for  the  time  periods  1980,  2000,  and  2020  and  are 
compared  to  different  growth  rates  for  the  same  time  periods  at  the 
top  of  the  page. 


The  Wabash  River  Basin  has  the  largest  amount  of  the  organic 
waste  load  generated  of  the  basin  tributaries . The  metropolitan 
Indianapolis  area  accounts  for  about  one-third  of  the  domestic 
and  commercial  and  almost  one-half  of  the  industrial  organic  load 
generated  of  the  entire  Wabash  Basin.  As  seen  in  Figure  7 there  is 
projected  a fourfold  increase  in  the  amount  of  wastes  to  be  dealt 
with  in  the  basin.  The  upper  main  stem  area  has  the  Pittsburgh 
complex  as  the  major  contributor  of  wastes,  the  Kanawha  River  has  the 
Charleston  complex,  the  Great  Miami  River  has  the  Hamilton,  Dayton, 
Middletown  area  and  the  Scioto  has  Columbus . All  of  these  areas  are 
metropolitan  areas  which  contribute  the  major  portion  of  the  municipal 
and  industrial  wastes  of  the  individual  basins . 
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2)  Alteration  of  land  use,  manufacturing  processes,  and 
public  practices  to  reclaim  or  reduce  amount  of  waste  that  is 
waterborne . 

3)  Regulation  of  streamflow  or  other  modifications  of  the 
capacity  of  the  waterway  to  receive  waste  and  still  preserve  quality 
(includes  importation  of  water  from  othei;  basins). 

4)  Regulate  waste  discharges  to  vary  with  streamflow  and  take 
advantage  of  favorable  hydrologic  conditions  either  as  observed  or  as 
forecast.  This  would  include  waste  diversion  to  streams  with  higher 
flow  or  at  least  higher  assimilative  capacity. 

■ 

The  Type  1 study  points  up  those  areas  where  organic  waste 
loads  are  now  causing  problems  or  will  cause  them  in  the  future . A 
combination  of  the  above  methods  was  chosen  to  evaluate  these  areas ; 
that  of  secondary  treatment  and  the  assumption  that  streamflows  can  be 
regulated  to  meet  the  needs  after  such  treatment, 
i 

In  seme  of  these  areas  it  is  doubtful  that  hydrologic  conditions 
will  permit  enough  storage  for  the  purpose  of  regulation  of  streamflow 
for  water  quality  control  after  secondary  treatment  and  as  such  appears 
to  be  only  a partial  or  interim  solution  to  the  problem.  Examples  of 
the  larger  problem  areas  that  fall  in  this  category  are  as  follows. 

« 

Indianapolis , Indiana  on  the  White  River  where  summer  low  flows 
of  105  cfs  are  not  capable  of  assimilating  present  residual  organic 
waste  loads  without  degradation  even  though  a high  degree  of  treatment 
is  presently  practiced.  It  is  estimated  that  flows  in  the  order  of 
2000  cfs  would  be  required  to  assimilate  waste  loads  after  secondary 
treatment  by  the  year  2020.  The  average  annual  flow  at  the  point  of 
waste  injection  at  Indianapolis  is  on  the  order  of  1700  cfs,  and 
therefore  is  insufficient  to  handle  these  year  2020  waste  loads  even 

with  complete  streamflow  regulation.  ; 

The  Charleston  complex  on  the  Kanawha  River  contributes  the 
major  municipal  and  industrial  organic  waste  loads  to  this  basin. 

The  chemical  and  allied  product  industries  are  most  prevalent  and 
the  organic  portion  of  their  waste  load  is  only  one  of  a number  of 
pollution  aspects  attributed  to  this  type  of  industrial  waste.  Other 
major  problems  are  toxicity,  color,  and  taste/odor  properties.  With 
the  provision  of  secondary  treatment  of  municipal  and  equivalent 
industrial  wastes  removal,  summer  flows  as  high  as  7,800  cfs  are 
estimated  to  be  required  by  the  year  2000.  This  exceeds  the  present 
modified  dependable  flow  below  Charleston  by  5,870  cfs  and  is  about 
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Distribution  of  raw  wastes  generated  for  each  tributary  ' v 
area  is  shown  in  Tables  12  and  13,  of  the  individual  basin  reports. 
Secondary  treatment  was  assumed  in  all  cases.  The  residual  wastes 
to  the  stream  were  compared  to  the  assimilative  capacity  at  design 
low  flow.  Where  the  assimilative  capacity  was  exceeded  the  stream 
reach  was  noted  as  a problem  area. 

Organic  Water  Quality  Control  Problem  Areas 

Table  6 summarizes  the  number  of  organic  water  quality 
problem  areas  in  each  subbasin  and  their  beginning  dates  in  terms 
of  time  periods  in  the  future,  unless  solutions  to  the  problems 
have  been  found  in  the  interim.  At  the  present  time  there  are  192 
organic  problem  areas  as  defined  in  the  Type  1 study.  After  secondary 
treatment,  the  discharge  of  these  wastes  in  these  areas  will  create 
low  dissolved  oxygen  conditions  in  the  stream  during  periods  of  low 
flow.  If  action  is  not  taken  to  correct  such  situations , the  number 
of  such  problem  areas  sure  expected  to  increase  to  171  by  2020.  As 
seen  in  the  table  these  problems  are  already  upon  us  in  many  of  the 
basins.  These  areas  are  defined  in  the  individual  basin  reports 
with  the  approximate  flows  required  in  the  stream  to  assimilate 
projected  wastes  after  secondary  treatment . 

In  some  basins,  the  effects  of  organic  waste  loads  are 
intensified  or  masked  by  other  types  of  pollution.  In  the  Mahoning 
River  of  the  Beaver  River  Basin,  organic  waste  problems  are  intensified 
by  the  discharges  of  heated  water  that  accelerate  the  biologic 
activity  while  at  the  same  time  decreasing  the  oxygen  saturation  value 
of  the  water. 

Portions  of  the  Allegheny  and  Monongahela  Rivers  are  highly 
acid  due  to  mine  drainage.  In  these  areas,  the  organic  waste  effects 
are  masked  as  the  biological  activity  is  greatly-reduced  or  inhibited. 


Corrective  Measures-Organic  Water  Quality  Problem  Areas 


Basically  there  are  four  methods  of  controlling  water  pollution. 
Any  one  of  these  methods  or  a combination  of  them  can  be  applied  in 
a particular  situation  to  produce  the  desired  results.  The  four 
methods  are : 

1)  Collection  and  treatment  of  municipal  and  industrial 
waste  water  to  remove  or  degrade  polluting  substances  before  waste 
is  discharged  to  waterway  (includes  advanced  waste  treatment  methods). 


75  percent  of  the  average  annual  flow.  Providing  storage  for 
quality  control  in  the  basin  is  complicated  in  that  the  Kanawha 
River  is  (l)  a navigable  stream,  and  (2)  the  navigation  pools  and 
seme  upstream  reaches  are  developed  for  hydroelectric  power.  The 
navigation  requirement  reduces  the  assimilative  capacity  of  the 
stream,  and  energy  is  converted  to  electric  power  rather  than  used 
to  restore  lost  oxygen  by  turbulence.  In  addition,  peaking  power 
flows  compounds  the  damage  to  natural  conditions. 

The  Great  Miami  River  below  Dayton  with  a design  summer  flow 
of  175  cfs  is  not  capable  of  assimilating  present  residual  organic 
waste  loads  although  removal  is  in  the  order  of  90  percent.  Approxi- 
mately 1,400  cfs  will  be  required  by  2020  below  the  Dayton  sewage 
treatment  plant  to  maintain  satisfactory  stream  conditions.  To 
maintain  this  flow  would  require  68  percent  of  the  average  annual 
flow  in  the  stream  at  Dayton,  a condition  that  would  appear  to  be 
infeasible  under  the  present  day  concept  of  multipurpose  reservoirs. 
Topographic  and  physiographic  conditions  and  land  utilization  in  the 
basin  would  further  preclude  providing  enough  storage . 

The  major  water  quality  control  problem  in  the  Scioto  River 
is  below  Columbus,  Ohio.  Columbus  presently  operates  secondary 
treatment  facilities  and  obtains  BOD  reductions  of  80-90  percent. 
Flows  in  the  order  of  7&0  cfs  will  be  required  by  2020  to  assimilate 
residual  waste  loads . This  flow  would  require  close  to  60  percent 
regulation  of  the  basin  average  annual  flow  above  Columbus.  Further 
detailed  studies  would  be  required  to  make  a firm  decision  as  to 
whether  flows  of  this  order  could  be  maintained.  However,  present 
conditions  would  indicate  it  is  not  practical  to  provide  this  storage 
under  present  multipurpose  concepts,  especially  considering  demands 
for  municipal  and  industrial  water  supply  and  flood  control. 

Canton,  Ohio  is  located  on  Nimishillen  Creek,  tributary  to  the 
Tuscarawas  River  in  the  Muskingum  Basin.  It  is  a large  scale  example 
of  a typical  problem  faced  by  many  smaller  communities  located  in 
headwater  areas . Streamf lows  are  very  low  or  intermittent  and  it 
appears  that  possibilities  of  storage  of  water  for  quality  control 
are  limited  in  such  areas.  Design  flow  in  Nimishillen  Creek  is  about 
23  cfs  but  flows  in  the  order  of  320  cfs  would  be  required  b^  2020  to 
assimilate  wastes  after  secondary  treatment . Average  annual  flow  in 
the  stream  is  about  one -half  this  amount  and  therefore  rules  out  the 
possibility  of  enough  storage  for  flow  regulation  for  quality  control 
unless  transbasin  diversion  is  considered. 
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There  are  many  smaller  communities  in  the  basin  located 
in  headwater  areas  such  as  Canton.  Usually  there  is  sufficient 
ground  water  or  surface  impoundment  available  for  water  supply,  but 
not  enough  streamflow  remaining  to  assimilate  residual  wastes. 

Detailed  studies  of  individual  wastes,  hydrology  and  pertinent 
factors  will  be  required  in  the  areas  mentioned  to  determine  the 
most  feasible  solution  to  the  problem.  Streamflow  regulation  is  a 
partial  and  interim  solution.  Diversion  to  other  basins  is  not 
practical  in  these  areas  because  of  the  large  quantities  of  wastes 
and  detriment  to  the  basins  where  the  wastes  are  most  likely  to  be 
diverted.  Holding  ponds  do  not  seem  to  be  feasible  in  these  areas 
because  of  high  degree  of  urbanization  and  cost  of  land  required  for 
storage  of  wastes  would  be  expensive  even  if  esthetic  considerations 
are  set  aside . 

In  areas  such  as  Cincinnati  and  Pittsburgh  on  the  main  stem, 
flow  regulation  after  secondary  treatment  is  feasible  to  provide  the 
required  assimilative  capacity  during  periods  of  low  flow.  Specially 
constructed  outfalls  may  be  necessary  to  obtain  proper  dispersion  and 
mixing  of  the  residual  wastes.  In  these  and  many  other  areas  of  the 
basin  there  are  present  organic  water  quality  problems  during  low 
flow  periods  because  less  than  secondary  treatment  is  presently 
provided. 

Separation  of  municipal  sewage  and  storm  drain  systems  in 
future  construction  would  reduce  the  amounts  of  raw  sewage  discharged 
to  the  stream.  Presently  about  half  the  population  served  by  sewers 
in  the  basin  are  discharging  waste  to  combined  systems.  These  systems 
are  subject  to  direct  overflow  of  raw  sewage  during  wet  periods. 
Engineering  practice  has  been  to  provide  for  the  interception  and 
treatment  of  a flow  equal  to  two  or  three  times  the  average  dry-weather 
flow.  All  flows  in  excess  of  this  are  by-passed  to  the  watercourse, 
generally  at  numerous  points  in  the  system.  The  frequency  of  these 
overflows  is  as  much  as  five  or  six  times  a month  during  the  summer. 
Although  it  can  be  shown  that  about  3 percent  of  the  sewage  that 
originates  in  the  system  is  lost  through  the  overflows,  as  much  as 
20  to  30  percent  of  the  organic  matter  may  be  discharged  with  it. 

This  condition  is  the  result  of  the  deposition  of  the  solid  matter 
in  the  pipes  during  the  dry  weather  and  its  subsequent  scouring 
during  storm  runoff  periods.  This  imposes  a large  pollution  load 
on  the  watercourse. 
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The  solution  to  stonn  water  overflow  does  not  pose  any 
great  technological  problem,  but  there  appears  to  be  no  solutions 
that  will  not  require  large  expenditures . The  basic  problem 
relates  to  the  handling  of  large  volumes  of  runoff,  which  occur 
in  very  short  periods  of  time.  Among  the  solutions  that  can  be 
considered  are: 

1)  The  complete  separation  of  sanitary  and  storm- s ewe rs . 

2)  Holding  tanks  or  ponds  to  receive  the  excess  runoff 
and  then  release  it  slowly  to  the  treatment  plants 
or  watercourse . 

3)  Large  treatment  plants  that  could  provide  some  measure 
of  treatment  to  the  mixture  of  sewage  and  storm  water 
before  release  to  the  watercourse. 

The  practicability  of  the  treatment  of  excess  combined  sewage  is  a matter 
of  individual  investigation  of  the  problem  area. 

} 

Some  areas  in  the  basin  are  approaching  the  point  in  the  near 
future  where  flow  regulation  after  secondary  treatment  will  not  meet 
the  water  quality  control  needs . In  these  areas  advanced  waste 
treatment  methods  are  being  thought  of  as  alternate  solutions  to  the 
problem. 

Many  new  physical-chemical  separation  processes  are  emerging 
as  candidates  for  major  roles  in  the  waste  treatment  technology  of  the 
future . As  these  processes  are  developed  and  brought  into  use  higher 
effluent  quality  will  be  achieved.  As  this  quality  increases,  the 
effluent  itself  will  become  of  more  and  more  value.  At  some  point, 
depending  on  the  total  water  resource  picture  at  the  location  involved, 
the  effluent  may  become  too  good  to  discharge  back  to  the  stream  and 
deliberate  recycle  for  water  supply  will  be  developed. 

At  the  present  time,  practical  and  economical  water  renovation 
techniques  do  not  exist  beyond  the  pilot  plant  scale.  They  must  be 
further  developed  to  meet  the  needs  of  the  future  if  chemical, 
biological  pollutants  are  to  be  kept  from  the  waterway  and  if  taste 
and  odor -bearing  materials  and  potentially  toxic  substances  are  to 
be  eliminated. 

In  contrast  to  sedimentation  techniques  and  biological 
oxidation  which  represent  the  basic  concepts  of  conventional  waste 
treatment  processes,  advanced  waste  treatment  considers  the  physical- 
chemical  separation  processes  that  have  the  ability  to  remove 
dissolved  salts  and  complex  synthetic  organic  wastes  unaffected  by 
standard  treatment. 
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Various  advanced,  waste  treatment  processes  studied  to  date 
include:  adsorption,  electrodialysis , foaming,  distillation, 
solvent  extraction,  emulsion  separation,  freezing,  hydration, 
chemical  oxidation,  ion  exchange,  electrochemical  degradation  and 
reverse  osmosis. 


Four  of  the  above  mentioned  processes  have  good  prospects 
of  development  for  large  scale  operation. 


Process 

Cost  per  1000  gal. 

Scale 

Adsorption  by  activated  carbon 

Less  than  10  cents 

10  ragd 

Foam  Separation 

3-5  cents 

10  mgd 

Electrodialysis 

15-20  cents 

10  mgd 

Distillation 

Less  than  1 dollar* 

10  mgd 

Methods  of  final  disposition  of  the  concentrated  wastes  from  these 
processes  must  be  found  in  order  to  prevent  repollution . Methods 
considered  to  date  include:  subsurface  disposal  into  permeable  strata 
or  cavities;  wet  oxidation,  incineration,  conveyance  to  selected  dump 
sites  (e.g.,  the  sea)  by  barge,  truck,  or  pipeline;  and  recovery  of 
waste  materials  to  make  useful  products . 

Tb»  technological  adequacy  of  a separation  process  or  an 
ultimate  disposal  process  becomes  the  overriding  criterion  for 
determining  the  practicability  of  any  given  approach  to  advanced  waste 
treatment.  Of  major  importance,  however,  is  the  matter  of  economics; 
a number  of  processes  are  technically  capable  of  achieving  the  desired 
end  results  but  at  an  unreasonably  high  cost.  Hence,  the  final  measure 
of  success  of  a particular  process  in  any  one  area  will  be  the  cost, 
not  only  of  the  individual  separation  techniques,  but  of  the  complete 
treatment  and  disposal  operation. 

The  typical  municipal  water  use  cycle  includes:  (l)  source 
development  and  transmission,  (2)  water  treatment,  (?)  water  distribu- 
tion, (4)  waste  collection,  and  (5)  waste  treatment  and  disposal. 

Since  advanced  waste  treatment  could  accomplish  (1),  (2)  and  (5), 
the  sum  of  these  costs  in  today's  technology  can  reasonably  be  used 
as  a base  line  to  estimate  the  competitive  position  in  considering 
these  treatment  methods  in  a particular  area.  The  total  cost  of  these 
functions  amounts  to  about  23  cents  per  1,000  gallons  on  a national 
average  and  30  cents  per  1,000  gallons  in  prevailing  high-cost  areas 
of  the  country. 


*Cost  could  be  less  than  one-half  this  amount  when  nrocess  is  coupled 
with  blending. 
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A technology  using  new  and  more  complex  processes  is  not 
expected  to  compete  on  an  equal  basis  cost-wise  with  present  treatment 
technology.  The  "law  of  diminishing  returns"  will  dictate  in  areas 
that  are  now  stretching  the  limits  of  today's  techniques  and  more 
complete  and  selective  treatment  will  be  necessary. 

Acid  Mine  Drainage  Problems 

The  quantitative  pollutional  effects  of  acid  drainage  has  not 
been  evaluated  in  detail  in  the  Type  1 study.  Sources  of  acid  mine 
drainage  pollution  are  numerous , particularly  abandoned  coal  mines . 

The  most  comprehensive  summary  of  acid  mine  drainage  pollution 
available  is  contained  in  the  Ohio  River  Pollution  Control  Survey 
(published  as  House  Document  266,  78th  Congress,  1st  Session).  This 
report  reflects  conditions  as  of  19 40.  The  total  acid  load  before 
sealing  accomplished  at  that  time  was  estimated  in  terms  of  its 
calcium  carbonate  equivalent  as  follows:  active  mines  1,105,000  tons 
per  year;  marginal  mines  175,000  tons  per  year;  abandoned  mines 
1,141,000  tons  per  year;  the  total  being  2,421,000  tons  per  year. 

After  sealing,  the  residual  acid  load  from  all  mines  was  estimated 
at  1,801,000  tons  per  year. 

In  some  areas  a great  many  of  the  previously  sealed  mines 
have  been  reopened  for  production  of  coal  and  new  mines  have  been 
developed.  The  effectiveness  of  the  sealing  operation  has  been 
reduced  due  to  inadequate  maintenance  of  the  seals  and  in  the  cases 
of  drift  mines  failure  of  the  seals  to  exclude  oxygen. 

The  magnitude  of  the  acid  mine  drainage  problem  can  be 
recognized  when  it  is  realized  that  approximately  75  percent  of  the 
Nation's  bituminous  coal  supply  comes  from  the  Ohio  River  Basin,  only 
about  10  percent  of  the  coal  reserves  have  been  mined  and  approximately 
50  to  75  percent  of  the  acid  load  comes  frcm  abandoned  mines . 

Of  the  portions  of  the  11  States  comprising  the  basin  for  the 
Type  1 study,  nine  are  considered  to  have  significant  acid  mine 
drainage  pollution  problems.  The  States  of  Pennsylvania  and  West 
Virginia  contain  over  two-thirds  of  the  miles  of  streams  and  90 
percent  of  the  acres  of  impounded  water  affected  by  acid  mine 
drainage  in  the  Ohio  Basin. 

More  than  half  of  the  acid  load  originates  in  the  Monongahela 
and  Allegheny  subbasins.  In  the  Allegheny  Basin,  the  Kiskiminetas 
River  drainage  is  one  of  the  most  intensely  acid  polluted  areas  known. 
This  watershed  contains  over  5 00  miles  of  acid  polluted  streams  and 
receives  about  80  percent  of  the  acid  loading  of  the  Allegheny  River 
Basin . 
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The  Monongahela  River  B els  in  contains  over  1600  miles  of 
streams  affected  by  mine  drainage  and  receives  about  35  percent  of 
the  total  acid  per  year  generated  in  the  entire  Ohio  River  Basin. 
Particularly  concentrated  acid-producing  areas  are  the  number  of  small 
tributaries  to  the  main  stem  between  Fairmont,  West  Virginia,  and 
Pittsburgh,  Pennsylvania.  These  areas  contribute  about  70  percent 
of  the  residual  mineral  acidity  in  the  Monongahela  River. 

Further  downstream,  the  Hocking  River  and  Raccoon  Creek  in 
Ohio,  and  other  streams  contribute  significant  acid  loadings  to  the 
main  stem  Ohio  River.  Raccoon  Creek,  for  example,  was  found  to  be 
discharging  16  tons  per  day  of  equivalent  sulphuric  acid  to  the  Ohio 
River.  Other  concentrated  acid  pollution  areas  exist  in  the  coal 
mining  regions  of  the  Muskingum,  Kanawha,  Guyandotte,  Big  Sandy, 
and  Upper  Cumberland  River  Basins . 

Mining  in  the  eastern  interior  coal  field  of  the  lower  basin 
has  caused  pollution  problems  similar  to  those  in  the  upper  basin. 

) Same  300  miles  of  streams  in  the  lower  Wabash  Basin  of  southwestern 

Indiana  are  affected  by  coal  mining  wastes.  The  adjacent  Saline 
River  Basin  in  Illinois  has  60  miles  of  acid  polluted  streams . 

Other  minor  tributaries  such  as  Pigeon  Creek,  Little  Pigeon  Creek 
and  Cypress  Creek  show  evidence  of  developing  acid  pollution 
problems . 

Extensive  acid  mine  drainage  pollution  exists  in  the  lower 
Green  River  Basin  of  western  Kentucky.  The  western  portion  of  the 
basin,  principally  the  Pond  River  and  Pond  Creek  watersheds,  commonly 
exhibits  high  acidity  concentrations.  Virtually  the  entire  Tradewater 
River  Basin  is  extensively  polluted  by  acid  mine  drainage.  The  Green 
and  Tradewater  Basins  have  been  reported  to  receive  a combined  total 
of  231  tons  per  day  of  mine  acid. 

Figure  8 shows  the  stream  areas  of  the  Ohio  River  Basin 
affected  by  acid  mine  pollution. 

Corrective  Measures-Acid  Mine  Drainage 

Corrective  action  on  abandoned  mines  presents  a serious 
financial  and  administrative  problem  because  many  of  the  mined  out 
areas  are  no  longer  under  the  control  of  responsible  coal  operators. 

No  entirely  satisfactory  and  economical  method  of  eliminating  this 
source  of  pollution  has  yet  been  developed. 


60 


Many  of  the  states  have  or  are  now  considering  legislation  that 
bring  the  coal  operations  under  stream  pollution  regulatory  authority. 

The  Federal  Water  Pollution  Control  Administration  has  initiated 
demonstration  projects  to  determine  the  relative  effectiveness  and 
cost  of  varied  acid  pollution  control  and  prevention  measures.  The 
measures  to  be  tried  include  sealing  the  mines  against  air,  backfilling 
abandoned  tunnels  with  mine  wastes,  diversion  of  surface  drainage  to 
prevent  infiltation  into  the  mines,  concrete  grouting  to  plug  openings 
caused  by  settling  of  unsupported  rock  formations,  chemical  grouting 
to  reduce  soil  permeability,  and  reclamation  (by  reshaping  the  contour 
and  by  revegetation)  of  areas  grossly  disturbed  by  strip  mining. 

Where  the  pollution  control  or  prevention  measures  mentioned  above 
axe  not  feasible  from  an  engineering  or  economic  viewpoint,  consideration 
should  be  given  to  the  feasibility  of  buffering  or  otherwise  treating 
of  acid  water. 

Heat  Pollution  Problems 

Heat  pollution  caused  by  the  return  of  cooling  water  from 
both  industrial  and  power  plant  sources  axe  now  creating  problems 
of  very  high  temperatures  in  some  parts  of  the  basin . Increasing 
temperature  diminishes  the  amount  of  oxygen  that  water  can  hold  in 
solution.  Consequently  heat  introduces  additional  pollution,  because 
these  waters  are  rendered  less  capable  of  assimilating  oxygen -demanding 
pollution,  or  to  support  fish  life. 

Power  Appendix  I to  the  Corps  report  shows  a total  generating 
capacity  of  26,000  megawatts  of  installed  capacity  of  thermal  power 
plants.  This  is  expected  to  increase  by  a factor  of  2.7  times  by 
i960.  Unless  controls  are  effected  this  could  mean  an  increase  in 
heat  pollution  of  more  than  200  percent  in  the  next  15  to  20  years . 

Heat  pollution  can  be  effectively  reduced  by  careful  planning 
in  the  location  of  he at -producing  plants,  the  use  of  control  measures 
such  as  recirculation,  cooling  towers  and  spray  ponds,  and  by  the 
substitution  of  air  cooling  methods  where  practical. 

The  present  thermal  power  plants  are  grouped  around  areas 
that  have  the  largest  load  demand.  Some  of  the  major  groupings  of 
existing  thermal  power  plants  in  the  basin  are:  the  Allegheny, 

M.onongahela  and  Main  Stem  Ohio  River  in  the  Pittsburgh  area;  the 
Kanawha  River  in  the  Charleston  area:  the  Scioto  River  in  the  Columbus 
area:  Miami  River  at  Dayton;  White  River  at  Indianapolis;  and  Ohio 
River  Main  Stem  in  Evansville,  Louisville  and  Cincinnati  areas. 
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The  Charleston,  Columbus,  Dayton  and  Indianapolis  areas 
are  also  areas  of  large  residual  waste  loads  and  are  projected  to 
exceed  the  stream  assimilative  capacity  after  secondary  treatment 
and  storage.  The  heat  loads  from  these  thermal  power  plants  could 
intensify  the  organic  pollution  problem  during  the  low  flow  periods. 

The  main  stem  plants  do  not  appear  to  be  problem  areas  at 
this  time  as  sufficient  dilution  water  is  avaiiable  to  absorb  the 
heat  loads.  With  provision  for  treatment  of  heat  loads,  wastes,  and 
flow  regulation,  thermal  pollution  should  not  present  problems. 

The  Mahoning  River  of  the  Beaver  River  Basin  has  a comp lex 
combination  of  heat  (thermal  power  and  industrial)  and  organics  from 
municipal  and  industrial  wastes  to  the  stream.  In  addition  to 
industrial  process  cooling,  there  is  an  installed  capacity  of  450 
megawatts  in  thermal  power  plants.  Flow  regulation  from  existing 
reservoirs  and  those  under  construction  will  provide  about  515  cfs 
firm  flow  in  the  stream.  Flows  in  the  order  of  875  cfs  will  be 
required  by  2020  to  maintain  maximum  temperatures  of  93°F  and 
assimilate  organic  wastes  after  adequate  treatment . It  is  doubtful 
if  flows  of  this  magnitude  can  be  accomplished;  therefore,  it  will 
be  necessary  in  this  basin  to  examine  other  ways  of  further  reducing 
waste  and  heat  loads  to  the  stream. 

Chloride  Pollution  Problems 

- 

There  are  two  areas  of  the  Ohio  River  Basin  where  chloride 
contamination  is  an  extensive  or  serious  problem.  One  of  these  is 
the  Muskingum  River  Basin.  Due  to  industrial  operations  in  the 
Barberton  area,  oil  field  brines,  and  salt  mining  in  Stark  and  Summit 
Counties , there  are  high  chloride  concentrations  in  the  Tuscarawas 
River  and  in  the  Muskingum  River.  Other  streams  affected  are  Oil 
Creek,  Nimisila  Creek,  Chippewa  Creek,  and  a portion  of  the  old 
Ohio  Canal. 

The  lower  reaches  of  the  Patoka  River;  Bonpas  Creek,  Illinois; 

Big  Creek,  Indiana;  Embarrass  River;  and  Little  Wabash  Rivers  in  the 
southern  part  of  the  Wabash  River  Banin  receive  oil  field  brines  and 
wastes.  The  southeastern  corner  of  Illinois  in  the  Wabash  Basin 
produces  about  75  percent  of  the  total  oil  from  Illinois  wells. 

) 

Lesser  problems  exist  in  smaller  areas  of  several  tributary 
basins.  Paint  Fork  of  Big  Sandy  River  is  contaiminated  by  oil  field 
brines,  as  is  the  lower  reach  of  Rough  River,  a tributary  of  Green 
River.  Several  small  tributaries  of  the  Licking  River  in  Magoffin, 
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Eetill,  Lee,  Powell,  and  Wolfe  Counties  also  receive  oil  field  brines. 
There  is  a similar  problem  in  Morrow  County,  Ohio,  in  an  area  tributary 
to  the  Scioto  River. 


Taste  and  Odor  Problems 


Taste  and  odor  problems  are  observed  in  several  parts  of  the 
Ohio  River  Basin.  Notable  areas  are  the  Kanawha  River,  the  Beaver 
River  and  the  main  stem  of  the  Ohio  River.  Tastes  and  odors  are 
caused  in  many  instances  by  organic  compounds  such  as  phenols, 
napthalene  and  oils,  and  in  other  instances  by  putrescible  organic 
matter  that  has  been  flushed  out  by  either  rapid  river  rises  or 
emptying  of  tanks  and  pits  to  hold  settleable  matter . 

The  solution  to  these  problems  is  tighter  in-plant  controls 
to  eliminate  waste  spillage  containing  taste  and  odor  causing 
compounds . In  industry  this  can  be  controlled  by  closed  system 
processes  where  these  compounds  exist.  More  difficult  to  control 
are  waste  treatment  plant  effluents  containing  these  products  on 
an  irregular  basis . 

Pollution  Caused  Fish  Kills 

Stream  pollution  limits  the  development  of  fishery  resource 
potential  of  the  Ohio  Basin.  In  Appendix  G,  Fish  and  Wildlife,  it 
is  noted  that  pollution  has  reduced  the  stream  mileage  of  potentially 
fishable  waters  by  as  much  as  47  percent  in  Pennsylvania,  9 percent 
in  West  Virginia,  and  to  lesser  degrees  in  all  other  basin  states. 

The  Fish  and  Wildlife  Service's  study  indicates  the  need  for  additional 
sport  fishing  habitat  to  provide  for  3 million  angler  days  annually 
by  2010. 

Fish  kill  reports  are  an  effective  indicator  of  trouble  areas 
in  the  Ohio  Basin.  They  can  create  an  awareness  of  areas  that  need 
further  detailed  investigation  and  corrective  action  to  avoid  more 
serious  problems . 

Major  causes  of  fish  kills  are  municipal,  industrial,  and 
agricultural  pollution  causing  depressed  dissolved  oxygen  conditions; 
the  introduction  of  toxic  substances  generally  considered  as,  but  not 
limited  to  pesticides , herbicides , or  toxic  industrial  wastes  to 
include  mine  water  wastes;  and  thermal  pollution  which  raises  the 
biological  activity  while  depressing  the  needed  dissolved  oxygen. 
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During  the  year  1965,  there  were  fish  kills  reported  in  11 
subareas  of  13  in  the  Ohio  River  Basin  with  a total  of  1,244,000 
fish  killed.  One  kill  alone  accounted  for  the  death  of  over  600,000 
fish.  This  was  attributed  to  pesticide  sprayed  by  an  airplane  and 
was  the  fifth  worst  fish  kill  in  the  United  States  that  year.  The 
followiig  tabulation  is  given  to  show  the  relative  amounts  of  fish 
killed  due  to  various  causes  in  the  Ohio  River  Basin.  The  fish 
kill  of  600,000  was  not  included  in  the  calculations  because  it 
would  distort  the  weight  of  each  of  these  causes  . 


Source  of  Pollution 

Chemical,  Paper,  Metal 
and  Petroleum  Processing 
Mining  Activities 
Municipal  Sewage 
Food  Processing 
Other  Agricultural  Activities 
Sprays  - Poisons 
HeatV 

Transport  Industries^/ 


% killed  in  1965 

42 

19 

16 

9 

6 

5 

2 

1 


The  most  frequent  cause  of  fish  kills  was  due  to  municipal 
sewage , while,  as  can  be  seen  in  the  previous  tabulation,  industrial 
wastes  killed  the  greatest  numbers  of  fish. 

These  types  of  pollutants  are  not  the  only  cause  of  fish  kills. 
High  sediment  loadings  due  to  erosion,  a cause  of  poorly  managed  land 
resources,  can  coat  the  stream  bed  with  shifting  silt  which  kills  young 
fish  and  also  the  feed  for  fish.  This  type  of  pollution  is  quite  likely 
to  cause  changes  in  the  ecological  environment,  affecting  the  numbers 
and  species  of  organisms  found  in  an  area.  Further  information  on 
sediment  can  be  found  in  Appendices  on  F,  Agriculture,  and  C,  Hydrology. 


1/  Thermal  pollution  - generally  attributed  to  power  plant  or  industrial 
water  used  for  cooling  purposes. 


2/  Generally  considered  as  pipeline  breaks,  or  truck  or  railroad 
oY'f'-iripnt.e  vh-i  eh  dumn  oollutants  into  water  bodies. 
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OHIO  RIVER  BASIN 


Summary  of  Organic  Quality  Control  Problem  Areas 
Cumulative  Number  of  Problem  Areas 

No. 

Subbasin 

Present 

1980 

2000 

2020 

1 

Allegheny 

5 

6 

7 

7 

2 

Monongahela 

15 

15 

15 

15 

3 

Beaver 

1 

4 

4 

4 

4 

Muskingum 

11 

13 

14 

14 

5 

Kanawha 

3 

6 

7 

7 

Little  Kanawha 

1 

2 

2 

2 

6 

Guyandotte 

0 

0 

0 

0 

Big  Sandy 

0 

0 

0 

0 

Little  Sandy 

0 

0 

0 

0 

7 

Scioto 

17 

18 

19 

19 

8 

Great  Miami 

11 

15 

18 

18 

Little  Miami 

8 

8 

8 

8 

9 

Licking 

6 

6 

6 

6 

• 

Kentucky 

13 

14 

14 

14 

Salt 

9 

9 

9 

9 

10 

Green 

9 

16 

18 

18 

11 

V:  abash 

50 

52 

53 

53 

12 

Cumberland 

17 

17 

18 

19 

13 

Main  Stem  Upper  if 

8 

8 

8 

8 

Main  Stem  Huntington  2] 

1 

1 

1 

1 

Main  Stem  Cincinnati  3/ 

3 

3 

3 

3 

Main  Stem  Louisville  Xj 

2 

2 

2 

2 

Main  Stem  Evansville  5/ 

1 

1 

1 

1 

1/  Includes  Hocking  River,  Chartiers  Creek,  Little  Beaver  and 

Robinson  Run.  ] 

2j  Includes  Raccoon  Creek. 

3/  Includes  Mill  Creek,  Laughery  Creek  and  Tanners  Creek. 

fj  Includes  Pleasant  Run,  Big  Indian  Creek  and  Big  Blue  River.  j.j 

5/  Includes  Saline  River. 
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GENERAL  RECOMMENDATIONS 


1.  Secondary  treatment  or  appropriate  waste  reducing  processes 
should  be  applied  to  all  municipal  and  industrial  wastes.  All 
settleable  solids  that  will  form  putrescent  or  otherwise  objectionable 
sludge  deposits  should  be  removed;  oil,  scum,  floating  materials  and 
substances  producing  color  and  odor  should  be  removed  to  such  degrees 
required  to  prevent  unsightly  or  deleterious  conditions;  all  substances 
that  are  toxic  or  harmful  to  human,  animal,  plant  or  aquatic  life 

by  themselves  or  in  combination  should  be  removed;  heated  discharges 
should  be  sufficiently  cooled  before  discharge  to  prevent  stream 
impairment  for  other  uses ; and  harmful  bacteria  should  be  reduced  in 
sufficient  number  to  allow  intended  stream  uses. 

2.  Proposed  new  sewerage  facilities  should  be  designed  to 
prevent  the  necessity  of  by-passing  untreated  wastes.  Combined 
storm  and  sanitary  sewers  should  be  prohibited  in  all  areas  that 
axe  to  be  developed,  and  eliminated  in  existing  areas  where  the 
resulting  improvement  would  justify  expenditures.  Existing  combined 
sewer  systems  should  be  patrolled  and  flow-regulating  structures 
adjusted  to  convey  the  maximum  practicable  amount  of  combined  flows 
to  and  through  treatment  plants.  This  is  particularly  necessary  in 
areas  where  current  waste  loads  axe  producing  serious  stream 
degradation . 

3.  Storage  for  streamflow  regulation  should  be  provided 
to  increase  streamflow  and  waste  assimilation  during  periods  of 
low  flow,  however  emphasis  should  be  placed  on  improved  treatment 
rather  than  relying  on  flow  regulation  alone. 

4.  Detailed  investigations  should  be  made  of  the  practicability 
and  costs  of  advanced  waste  treatment  method^  diversion  of  wastes 

or  other  means  of  water  pollution  control  in  all  designated  problem 
areas . 


5.  A program  of  correcting  acid  mine  drainage  at  the  source 
in  both  active  and  "abandoned"  mines  should  be  promoted.  Legislation 
providing  for  controlling  mine  discharges  and  reclamation  of  strip 
mine  areas  should  be  advanced. 
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6.  Specific  methods  of  brine  waste  disposal  frcm  oil 
fields  and  industrial  processes  should  be  recommended  and  programs 
developed  to  inclement  the  recommendations. 

7 . Off-stream  cooling  methods  should  be  provided  in  areas 
where  heat  pollution  or  heat  aggravated  pollution  problems  are  or 
are  likely  to  be  significant. 

8.  Appropriate  controls  of  discharges  of  taste  and  odor 
producing  substances  should  be  provided. 

9.  Prevention  of  discharges  of  toxic  concentrations  even 
where  long-term  effects  on  health  are  unknown  must  be  achieved. 

10.  Re-evaluate  operation  and  control  of  existing  reservoirs 
to  best  meet  the  needs  of  flow  regulation  for  water  quality  control. 
Feasibility  of  reservoir  regulation  by  automatic  water  quality  data 
monitoring  feedback  should  be  included  in  such  re-evaluation. 
Streamflow  forecasts  formulated  and  issued  by  the  Environmental 
Science  Services  Administration  through  its  Weather  Bureau  Offices 
should  be  considered  in  reservoir  operation  for  quality  control. 

11.  Careful  consideration  should  be  given  to  the  effect  of 
hydropower  installations  on  water  quality  in  both  large  resource 
development  projects  and  navigation  structures. 

12 . Providing  storage  in  reservoirs  can  have  both  beneficial 
and  degrading  effects  on  water  quality  in  a reservoir.  Some  possible 
effects  are  thermal  stratification,  reduced  turbidity,  increased 
plankton  and  algae  growth,  reduced  coliform  organisms,  decreased 
dissolved  oxygen  in  stratified  water,  possible  increase  in  iron  and 
manganese  in  bottom  waters,  and  general  smoothing  or  equalizing 
effects  on  mineral  quality.  Reservoirs  should  be  operated  in  a 
manner  to  decrease  or  eliminate  the  degrading  effects.  Multiple 
outlet  structures  in  projects  should  be  considered  wherever  appropriate 
to  provide  water  of  good  quality  for  flow  regulation. 

13.  State  or  Interstate  planning  agencies  should  be 
established  to  develop  water  quality  programs  for  entire  river  basins. 
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I SUMMARY 


Municipal  and  Industrial  Water  Supply  Problems 

The  next  decade  should  see  planning  for  the  continuation 
of  adequate  water  supplies  by  many  of  the  municipalities  of  the 
Allegheny  River  Basin.  However,  only  one  community  is  indicated 
by  the  study  as  having  a present  need.  This  community  is 
Blairsville,  Pennsylvania,  and  needs  can  probably  best  be  met 
from  a surface  source  other  than  the  Conemaugh  River. 

Six  of  the  13  water  supply  problem  areas  will  have  needs 
by  1980  according  to  the  projections  developed  in  this  study. 
Increased  development  of  surface  water  sources  or  valley  fill 
alluvium  should  supply  the  requirements  of  Titusville,  Kane, 

Port  Allegany,  and  Warren,  Pennsylvania.  Kane,  Pennsylvania,  may 
have  to  augment  present  ground  sources  from  surface  storage. 

In  the  central  and  southern  sections  of  the  basin, 
Johns~nburg,  and  Indiana,  Pennsylvania,  are  the  major  areas  of 
projected  future  need.  There  are  also  4 smaller  communities  in 
the  group  of  13  mentioned  above.  These  smaller  communities  are 
generally  in  the  headwaters  of  the  Conemaugh  River  and  should 
be  able  to  meet  their  needs  by  impounding  flows  frcm  small 
tributary  drainage  areas.  Acid  mine  drainage  is  often  a factor 
in  deciding  on  a source  of  water  supply  ir.  this  area.  Requirements 
at  Johnsonburg  are  largely  industrial  and  may  be  adequately  met  frcm 
surface  development. 

Valley  fill  alluvium  should  serve  as  an  adequate  source 
of  future  water  for  Union  City,  Pennsylvania,  which  is  outside  the 
Projective  Economic  Study  area.  Olean,  New  York,  may  need  to 
expand  its  supply  by  2000  and  should  be  able  to  find  ample  supplies 
in  the  Allegheny  River. 

Much  of  the  industrial  development  in  the  basin  occurs  in 
the  Allegheny  River  valley  itself  - in  Westmoreland  and  Allegheny 
Counties.  Surface  flows  should  be  ample  to  meet  new  industrial 
requirements,  including  at  least  a doubling  of  the  heat  load  from 
thermal  power  plants  provided  new  sites  are  carefully  chosen. 
Industry  in  the  northwestern  section  of  the  basin  is  fortunate  in 
having  access  to  large  ground  water  resources. 
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Water  Quality  Control  Problems 

All  wastes  are  assumed  to  have  been  given  secondary 
treatment  or  equivalent  reduction  before  discharge  to  streams 
oi  the  basin.  Low  flow  regulation  is  considered  the  next  likely 
measure  in  pollution  control  for  most  communities  in  this  area. 
There  are  needs  now  for  regulated  low  flows  in  Tunungwant  Creek 
below  Bradford,  Pennsylvania;  in  Paint  Creek  below  Windber, 
Pennsylvania  and  in  Loyalhanna  Creek  below  Latrobe,  Pennsylvania. 
There  will  be  a need  for  additional  flows  in  French  Creek  below 
Meadville,  Pennsylvania,  by  1980  and  in  Two  Lick  Creek  below 
Indiana,  Pennsylvania,  by  2000. 

The  Clarion  River  in  its  upper  reach  is  subject  to  a 
heavy  industrial  residual  organic  waste  load.  Municipal  and 
industrial  waste  treatment  facilities  in  the  area  must  continue 
to  be  properly  operated  in  order  for  the  existing  plan  of  flow 
regulation  to  be  effective. 

Acid  conditions  caused  by  drainage  from  coal  mining 
operations  occur  in  many  streams  in  the  central  and  southern 
portions  of  the  Allegheny  River  Basin.  Slug  acid  discharges 
occur,  causing  wider  variation  in  water  quality  over  the  base 
level  otherwise  expected.  Drainage  areas  which  have  acid  runoff 
and  drainage  are  the  Kiskiminetas-Conemaugh  Rivers  system, 

Clarion  River,  Crooked  Creek,  Redbank  Creek,  and  Cowanshannock 
Creek . 

Other  localized  problems  occur  below  smaller  communities 
but  these  are  considered  to  be  beyond  the  scope  of  this  study. 
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II  DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 

The  Allegheny  River  rises  near  Coudersport  in  northwestern 
Pennsylvania.  It  flows  westward  and  then  northward  into  New  York, 
then  turns  south  near  Salamanca,  New  York,  and  flows  southwestward 
through  Pennsylvania.  It  joins  the  Monongahela  River  at 
Pittsburgh  to  form  the  Ohio  River.  The  total  length  of  the 
Allegheny  River  is  approximately  325  miles. 

The  basin  embraces  approximately  11,73°  square  miles  in 
western  New  York  and  western  Pennsylvania.  It  is  about  175 
miles  long  on  a north-south  axis  and  its  maximum  width  is  about 
130  miles.  About  1,965  square  miles  of  New  York  and  9,765  square 
miles  of  Pennsylvania  are  in  the  watershed.  Adjacent  are  the 
Great  Lakes-St.  Lawrence  River  Basin  on  the  north,  the  Susquehanna 
River  Basin  on  the  east,  the  Monongahela  River  on  the  south,  the 
Beaver  River  and  an  area  draining  directly  to  the  Ohio  River  on  the  west. 
Table  1 lists  the  three  counties  in  New  York  and  the  nineteen  in 
Pennsylvania  which  lie  partly  or  wholly  in  the  watershed.  Table  2 
gives  drainage  areas  and  lengths  of  the  Allegheny  River  and  its 
major  tributaries.  Figure  1-1,  page  1-38,  shows  the  Allegheny  River 
Bas in . 

Physical  Features 

The  Allegheny  River  Basin  is  in  the  southern  New  York  and 
Kanawha  sections  of  the  Appalachian  Plateau  physiographic  province. 

The  southern  New  York  section  represents  a mature  glaciated 
plateau  of  moderate  relief.  The  Kanawha  section  represents  a 
mature  unglaciated  plateau  of  fine  texture  with  moderate  to  strong 
relief. 

About  25  percent  of  the  topography  of  the  basin  has  been 
modified  by  the  advance  of  the  last  continental  ice  sheets.  The 
line  of  farthest  advance  crosses  the  northwestern  part  of  the 
region  running  from  just  west  of  Franklin,  Pennsylvania,  to  just 
east  of  Jamestown,  New  York.  The  topography  of  the  glaciated 
area  is  generally  that  of  rolling  plains  with  gentle  slopes. 

Many  lakes  and  swamps  have  been  formed  on  the  glacial  deposits 
because  the  post-glacial  drainage  has  not  had  time  to  develop  a 
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significant  degree  of  integration.  Below  and  to  the  east  of  the 
glacial  advance,  the  topography  displays  moderate  to  strong 
relief.  In  the  mountain  upland  and  high  plateau  areas  of  the 
Basin,  the  land  is  highly  dissected  by  its  drainage.  For  example, 
the  Conemaugh  River  and  Loyalharma  Creek  gorges  are  over  1,000 
feet  deep.  The  highest  points  in  the  upland  areas  are  above 
2,5 00  feet  in  elevation. 

There  axe  eight  reservoirs  in  the  basin  which  have  or  will 
have  storage  of  25,000  acre-feet  or  greater.  All  but  one  of  these 
are  operated  by  the  U.  S.  Army  Corps  of  Engineers  as  part  of  the 
integrated  system  for  control  of  floods  in  the  Ohio  River  Basin. 
The  exception  is  Piney  Reservoir  on  the  Clarion  River  operated 
for  power  generation.  One  large  natural  lake.  Lake  Chautauqua, 
is  in  the  northern  end  of  the  basin.  In  addition,  a number  of 
small  lakes  and  reservoirs  serve  recreational  needs.  Recreation 
areas  located  in  the  counties  of  Elk,  Forest,  Warren,  and  McKean 
Counties,  Pennsylvania,  have  a total  water  area  (in  one  or  more 
bodies  of  water)  of  more  than  100  acres. 

Climate 


The  Allegheny  River  Basin  has  a humid  continental  climate 
modified  slightly  by  its  proximity  to  the  Atlantic  seaboard  and 
to  the  Great  Lakes.  The  climate  is  influenced  predominately  by 
air  with  a polar  continental  source  in  Canada.  Frequent 
invasions  of  air  originating  in  the  Gulf  of  Mexico  produce  warm, 
humid  weather  during  the  summer  and  alternate  periods  of  freezing 
and  thawing  in  the  winter.  Farther  north  in  the  area  and  at 
higher  altitudes,  the  growing  season  is  reduced  significantly. 

The  average  frost-free  period  at  Jamestown  is  144  days  as 
compared  to  176  at  Pittsburgh. 

Average  annual  precipitation  shows  a relatively  wide 
variation.  At  Pittsburgh,  it  is  about  3 6 inches,  at  Jamestown 
about  42  inches,  and  at  Ridgway,  on  the  eastern  edge  of  the  basin 
at  a higher  elevation,  about  4l  inches.  Mean  January  temperatures 
are  31°F  at  Pittsburgh,  27°F  at  Jamestown,  and  25°F  at  Ridgway. 
Mean  July  temperatures  are  ?4°F  at  Pittsburgh,  71°F  at  Jamestown, 
and  68°F  at  Ridgway.  The  temperature  variation  is  wider  with 
altitude  than  with  north-south  distance. 


1-4 


Principal  Communities  and  Industries 
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Table  3 lists  populations  of  principal  communities  in  the 
basin  from  1910  to  i960.  The  Pittsburgh  area  and  its  industries 
are  discussed  as  part  of  the  Ohio  River  main  stem  drainage. 

Outside  the  Pittsburgh  area,  there  are  four  major  industry- 
groupings  which  dominate  manufacturing:  primary  metal  products; 
electrical  machinery,  equipment,  and  supplies;  fabricated  metal 
products;  and  stone,  clay  and  glass  products. 

In  Jamestown,  New  York,  principal  products  are  metal 
office  furniture,  ball  bearings,  hand  tools  and  washing  machines. 
Olean  industry  contributes  electronic  components,  chairs,  cutlery 
and  heating  equipment.  Thus,  the  principal  industries  in  the 
New  York  part  of  the  basin  are  fabricated  metals  and  electrical 
machinery  and  equipment. 

In  the  State  of  Pennsylvania,  industry  in  major  cities  in 
the  basin  is  diversified.  Oil  production,  refining,  and  support 
industries  center  in  Oil  City  with  the  addition  of  metal  cans 
and  glass  bottles.  Acetate  fiber,  heat  treating  furnaces,  metal 
fasteners  and  tools  are  products  of  Meadville  manufacturing.  In 
Bradford,  industrial  products  are  oil  field  and  farm  machinery, 
pumps,  valves,  refrigeration  equipment,  corrugated  boxes  and 
cigarette  lighters.  Warren  industry  concentrates  on  heavy 
fabrication,  and  electrical  parts  including  lamps  and  fuses. 
Manufacture  of  truck  and  railroad  car  bodies,  boilers,  mining 
machinery,  and  basic  steel  production  are  found  in  Franklin. 

Johnstown  industry  contains  basic  steel,  heavy  steel 
fabrication,  apparel  manufacture,  and  refractory  products. 
Laboratory  instruments,  industrial  process  controllers,  sweaters, 
and  tires  are  products  of  Indiana  manufacturing.  Carbon  and 
graphite  products,  refrigeration  and  air  conditioning,  tools 
and  machine  tool  accessories  are  output  from  Punxsutawney 
industry.  There  is  a large  pulp  mill  at  Jolinsonburg  and  a dye 
and  pigment  plant  at  Ridgway.  IXiBois,  located  in  Clearfield 
County  which  is  not  included  in  the  Projective  Economic  Study, 
produces  rubber  goods,  food  products,  instruments,  and  other 
electronic  components. 

Basic  steel  and  its  derivatives  are  the  primary  industries 
in  the  Westmoreland  County  portion  of  the  Allegheny  River  drainage 
area.  There  are  blast  furnaces,  heavy  castings  and  boiler  produc- 
tion and  porcelain  and  glass  products  made  in  Latrobe.  Aluminum 
castings,  shot  steel,  flat  glass,  and  apparel  are  made  in 
New  Kensington.  In  Vandergrift,  basic  steel  production,  pre- 
fabricated house  construction,  and  metal  working  industries 
predominate . 
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Ill  WATER  RESOURCES 


Surface  Water  Resources 
Quantity- 

Seven  reservoirs  are  operated  by  the  U.  S.  Army  Corps  of 
Engineers  to  control  flood  waters.  Five  of  these  are  single 
purpose — those  on  Tionesta  Creek,  Mahoning  Creek,  Crooked  Creek 
Conemaugh  River,  and  Loyalhanna  Creek.  Allegheny  Reservoir, 
under  construction,  and  East  Branch  Clarion  River  Reservoir  have 
supplemental  storage  for  low  flow  stream  regulation.  Piney 
Reservoir  on  Clarion  River  is  privately  operated  for  hydropower 
generation.  Data  concerning  these  reservoirs  are  shown  in 
Table  4. 

Table  5 gives  ranges  of  flow  and  unregulated  design  flow 
values  for  various  stations  in  the  basin.  Higher  sustained  low 
flows  would  be  expected  of  streams  in  the  northwestern  section 
of  the  basin  than  in  the  area  to  the  south  of  the  Clarion  River 
because  of  the  effects  of  ground  water  storage. 

Quality 

Generally,  the  natural  quality  of  water  in  the  upper 
reaches  of  the  Allegheny  River  Basin  is  good.  In  one  recent 
year , the  solids  concentrations , as  estimated  from  measurements 
of  specific  conductance,  ranged  from  about  40  to  8C0mg/l  in 
daily  samples  at  Red  House,  New  York,  but  concentrations  most 
of  the  time  were  less  than  300  mg/l.  Chloride  concentrations 
over  the  same  time  ranged  frcm  7 to  308  mg/l  with  only  25  daily 
values  greater  than  100  mg/l.  Few  data  are  available  concerning 
hardness  and  sulfate  concentrations  at  this  station.  However, 
major  forms  of  pollution  are  associated  with  the  extractive 
industries.  Oil  production  in  Warren  and  Venango  Counties  has  led 
to  pollution  by  brines  and  other  oil  field  wastes.  Long  years  of 
coal  mining  have  left  quite  a number  of  streams  contaminated  by 
mine  drainage  containing  sulfuric  acid  and  iron. 
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A major  fraction  of  the  acid  load  occurs  in  the  Kiskiminetas 
drainage.  Acid  streams  in  this  drainage  area  are  Conemaugh  and 
Little  Conemaugh  Rivers,  Loyalhanna  Creek,  and  Blacklick  Creek. 

Sane  other  acid  streams  in  the  Allegheny  watershed  are  Clarion 
River,  Crooked  Creek,  Redbank  Creek,  and  Cowanshannock  Creek. 

In  the  upper  reaches  of  the  Clarion  River,  the  primary 
sources  of  biochemical  oxygen  demand  are  the  wastes  from  a paper 
mill  and  an  organic  dye  company.  The  lower  reach  of  the  Clarion 
River  has  color,  taste  and  odor  problems. 

The  Kiskiminetas  River  enters  the  Allegheny  River  30  miles 
above  Pittsburgh  and  is  the  chief  source  of  mineral  pollution 
in  the  lower  Allegheny.  Over  the  period  1947-1951,  considerable 
data  were  accumulated  dealing  with  water  quality  in  the  Kiskiminetas. 
These  data  present  a picture  of  a highly  acid  stream  which  has  a 
marked  influence  on  the  quality  of  water  mixed  with  it  in  the 
Allegheny.  Weekly  samples  were  taken  of  the  Kiskiminetas  and  the 
Allegheny  above  and  below  the  confluence  by  the  Allegheny  County 
Sanitary  Authority  in  19^9*  Analyses  of  42  sets  of  these  samples 
over  a broad  range  of  flows  are  revealing.  The  low  flow  was 
320  cfs  and  the  highest  was  20,700  cfs.  The  maximum  pH  value  of 
any  sample  from  the  Kiskiminetas  was  4.7.  Almost  all  of  the  42  sets 
of  samples  were  in  groups  of  three  at  two  of  the  three  locations. 

On  the  Kiskiminetas,  the  median  pH  ranged  frcm  3.1  to  4.5.  There 
was  a corresponding  decrease  in  pH  in  the  Allegheny.  Above  the 
confluence,  pH  values  ranged  from  6.7  to  7.7  with  three-fourths 
of  the  results  greater  than  or  equal  to  7.  Below  the  confluence, 
medians  of  the  group  of  three  were  frcm  4.6  to  7-1  with  about 
40  percent  less  than  6.5.  Total  acidity  carried  by  the  Kiskiminetas 
has  been  estimated  from  U.  S.  Geological  Survey  data  during  water 
years  1947  to  1951.  The  mean  acidity  load  based  on  10  day  composite 
samples  was  908  tons  per  day  and  the  range  of  loads  was  frcm  212  to 
3)553  tons  per  day. 

At  low  flows , sulfate  concentrations  in  the  Allegheny  River 
increase  by  40  mg/l,  from  40  mg/l  to  80  mg/l,  by  mixing  with  the 
Kiskiminetas  River  waters.  Several  above-below  pairs  showed 
increases  of  100  to  160  mg/l.  At  higher  flows,  the  increase  was 
on  the  order  of  10  to  40  mg/l.  Median  concentrations  of  sulfate 
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ion  in  the  Kiskiminetas  itself  were  over  the  250  mg/l  recommended 
by  the  U.  S.  Public  Health  Service  for  drinking  water  supplies 
in  more  than  60  percent  of  the  sets  of  samples.  Total  iron 
concentrations  were  also  quite  high,  with  the  median  values 
ranging  from  1.7  to  28  mg/l.  One  set  of  samples  taken  during  a 
temporary  rise  in  flow  after  local  rain  resulted  in  a reported 
concentration  of  169  mg/l.  Acid  loads  are  also  quite  high  in 
times  of  flushouts  such  as  this.  This  unevenness  in  concentra- 
tions is  a major  source  of  problems  to  the  10  public  water  supplies 
using  the  Allegheny  River  between  its  confluence  with  the  Kiskiminetas 
River  and  its  confluence  with  the  Monongahela  River,  not  only  in  terms 
of  acidity,  but  also  with  respect  to  hardness  and  manganese. 

Total  hardness  in  the  Kiskiminetas  at  Leechburg  is  also 
quite  high.  At  flows  less  than  500  cfs,  hardnesses  range  from 
350  mg/l  to  700  mg/l,  while  at  5»000  cfs,  the  concentrations 
range  from  110  to  160  mg/l.  Even  at  the  higher  flows,  it  may 
be  desirable  to  treat  this  water  for  hardness  before  domestic 

use  since  the  hardness  is  primarily  noncarbonate. 

J 

In  a recent  year  at  Pittsburgh  in  samples  from  the 
Allegheny  River,  total  hardness  ranged  from  60  to  280  mg/l, 
sulfate  ranged  from  45  to  24-9  mg/l,  chlorides  ranged  from  10 
to  46  mg/l,  and  pH  values  were  from  3*7  to  7.2.  The  low  pH 
value  was  one  of  two  during  the  year  which  were  less  than  6 
out  of  43  samples  taken. 

Ground  Water  Resources 


Quantity 

A discussion  of  ground  water  resources  in  detail  has  been 
prepared  by  the  U.  S.  Geological  Survey.—'  The  following 
condensation  is  excerpted  from  that  discussion. 

Four  of  the  principal  aquifers  of  the  basin,  sources  for 
possible  future  development  in  order  of  decreasing  potential, 
are  as  follows : 

1.  Outwash  deposits,  especially  in  the  valleys  of  streams 
tributary  to  the  Allegheny  River  from  the  northwest  in  Crawford, 
Venango,  Erie,  and  Warren  Counties,  Pennsylvania. 

2.  Glacial  and  alluvial  sediments  along  the  Allegheny 
River  valley  itself,  in  the  valleys  of  tributaries  above 
Salamanca,  New  York,  and  tributary  valleys  entering  from  the 
east  between  Tionesta,  Pennsylvania,  and  Salamanca,  New  York. 


l/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River 
Basin,  Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 


J 


1-8 


3 . Sandstone  units  of  the  Pocono  Formation  where  it  forms 
the  bedrock  surface  in  the  northern  third  of  the  basin  and  south- 
ward where  it  dips  under  younger  rocks. 

4.  Sandstone  strata  of  Pennsylvania  age  in  the  Pottsville, 
Allegheny,  and  Conemaugh  Formations  throughout  most  of  the 
Pennsylvania  section  of  the  basin,  and  especially  along  the 
southwestern  divide. 

Yields  from  wells  in  the  outwash  deposits  commonly  range 
from  100  to  2,000  gpm.  These  high  yields  are  possible  because 
the  outwash  is  permeable  and  recharge  occurs  readily  from  the 
perennial  streams  which  flow  down  the  glacial  valleys. 

Veils  in  the  alluvial  valley  of  the  Allegheny  River  yield 
from  100  to  1,000  gpm.  The  alluvium  ranges  in  thickness  from 
100  feet  at  Franklin  to  65  feet  at  Pittsburgh,  and  numerous  wells 
pump  from  this  alluvium  in  Warren,  Franklin,  Ford  City,  and 
Pittsburgh . 

In  western  Pennsylvania,  the  Pocono  sandstones  are  widely 
referred  to  as  the  "Mountain  Sands . " Municipal  and  industrial 
wells  in  this  formation  have  yielded  300  to  2,100  gpm.  One 
spring  near  Meadville,  issuing  from  this  same  formation,  was 
reported  to  flow  at  200  gpm. 

Quality 

Waterafrom  the  glacial  outwash  deposits  are  reported  to 
have  hardness-' values  ranging  from  36  to  280  mg/l,  sulfate 
concentrations  less  than  120  mg/l,  chloride  concentrations  less 
than  50  mg/l,  and  0.01  to  2.5  mg/l  of  iron.  It  would  be  necessary 
in  most  cases  to  remove  iron  from  these  waters  and  many  uses 
would  require  softening  as  well. 

Waters  from  the  Allegheny  River  valley  alluvium  have 
hardness  values  from  120  to  280  mg/l,  15  to  350  mg/l  of  sulfate, 

30  to  90  mg/l  of  chloride,  and  0 to  3 mg/l  of  iron. 

Aquifers  of  the  Pocoro  Formation  yield  waters  having  10 
to  170  mg/l  hardness,  4 to  100  mg/l  sulfate,  2 to  160  mg/l  chloride, 
and  0 to  6.8  rag/l  iron.  Here  as  in  most  locations  -in  the  basin, 
iron  removal  would  be  desirable  before  the  water  is  put  to  domestic 
use.  Where  the  Pocono  is  encountered  at  depths  greater  than  200 
feet,  the  water  is  likely  to  be  more  highly  mineralized. 


1/  Total  hardness  expressed  as  CaCO^. 
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Yields  from  the  sandstones  of  the  Allegheny,  Con.-,  raugh, 
and  Pottsville  Formations  are  not  as  high  as  those  discussed 
above,  though  they  are  adequate  for  domestic  and  small  municipal 
and  industrial  supplies.  Waters  from  all  three  formations  show 
similar  quality  to  those  discussed  above  except  for  possible 
higher  iron  content. 


IV 


THE  ECONOMY 


The  Allegheny  subarea  of  the  Projective  Economic  Study 
lies  entirely  within  Pennsylvania  and  is  roughly  coextensive 
with  the  middle  and  upper  reaches  of  the  Allegheny  River  drainage 
basin.  To  facilitate  future  estimates  of  water  requirements  and 
waste  loads,  the  subarea  has  been  divided  into  two  minor  areas, 
A-l  and  A-2.  The  A-l  area  includes  the  five  northern  counties 
of  the  subarea,  and  A-2  the  seven  southern  counties.  The  subarea 
is  entirely  within  the  region  designated  as  Appalachia.  The 
upper  reaches  of  the  Allegheny  River  watershed  extend  beyond  the 
northern  boundary  of  economic  Subarea  A and  encompass  about 
one-half  of  Erie  County  in  Pennsylvania,  about  three  quarters 
of  Chautauqua  and  Cattaraugus  Counties } one-fifth 
of  Allegany  County  in  New  York.  The  latter  three  counties 
(see  Tables  6b  and  7b)  are  the  subject  of  a supplemental  economic 
study  prepared  by  the  Division  of  Water  Resources,  New  York 
State  Conservation  Department.  Tables  6a  and  7a  list  the  12 
counties  of  the  Projective  Economic  Study.  These  counties  are 
also  shown  on  Figure  1-1,  page  I-38. 

Economic  Profiles 


Minor  Area  A-l 

Minor  area  A-l,  located  entirely  within  the  State  of 
Pennsylvania,  had  a i960  population  of  24-7,900  and  contained  four 
larger  cities,  all  with  populations  between  14,000  and  18,000. 
These  cities  are  Bradford,  Meadville,  Oil  City,  and  V'arren.  Per 
capita  personal  income  for  this  minor  area  equaled  $1,642 
compared  to  $1,855  for  the  State  of  Pennsylvania. 

Manufacturing  was  the  largest  employment  category  in 
the  area.  There  was  no  significant  change  in  plants  of  100 
workers  or  over  between  1958  and  1964,  but  there  has  been  an 
increase  in  smaller  plants.  The  most  important  manufacturing 
industries  are  machinery  (including  electrical  machinery) , other 
durables,  other  nondurables,  and  fabricated  metals.  Two  thermal 
power  generating  plants  are  located  in  the  area,  or.e  at  Warren, 
Pennsylvania,  with  a capacity  of  73-4  megawatts,  and  one  at 
Oil  City,  Pennsylvania,  with  a capacity  of  16  megawatts. 
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Agricultural  employment  decreased  by  one-half  between 
1950  and  i960  while  the  value  of  farm  products  sold  increased 
$5*5  million  over  the  1954  figure  to  $25  million  by  1959. 

Dairy  products  accounted  for  64  percent  of  this  total  figure  with 
livestock  products  accounting  for  another  16  percent.  Approxi- 
mately 115  acres  were  under  irrigation  in  1959- 

Crude  oil  is  the  most  important  mineral  extracted  in  the 
area.  In  i960,  5*3  million  barrels  of  crude  oil  were  produced 
which  was  87. 5 percent  of  total  State  production.  Coal  was 
produced  only  in  Venango  County,  amounting  to  588,000  tons  or 
less  than  1 percent  of  the  total  production  in  the  State  of* 
Pennsylvania . 

Minor  Area  A- 2 

Population  in  minor  area  A-2,  also  located  entirely  within 
Pennsylvania,  was  557,200  in  i960,  with  the  largest  cities  being 
Johnstown  and  Indiana  with  populations  of  53,950  und  13,000 
respectively.  Two  counties,  Cambria  and  Somerset,  compose  the 
Johnstown  Standard  Metropolitan  Statistical  Area.  Fifty  percent 
of  total  area  population  reside  in  these  two  counties  and  have 
a per  capita  personal  income  of  $1,371  compared  to  $1,494  for 
the  remaining  five  counties  and  $1,855  for  the  State  of 
Pennsylvania . 

Manufacturing  is  the  most  important  employment  category. 

The  most  important  manufacturing  industries  are  primary  metals, 
other  durables,  machinery  (including  electrical  machinery),  and 
apparel.  The  manufacturing  establishments  are  fairly  well 
distributed  throughout  the  area.  No  significant  change  took 
place  in  the  number  of  plants  with  100  workers  or  over  between 
1958  and  1964.  However,  manufacturing  employment  is  projected 
to  increase  throughout  the  total  study  period. 

Two  thermal  power  plants  are  located  in  the  area,  one  at 
Armstrong  with  a generating  capacity  of  326.4  megawatts  and  one 
at  Johnstown  with  a capacity  of  74.5  megawatts.  A 575  tons  per 
day  pulp  plant  is  located  at  Johnsonburg. 

Bituminous  coal  extraction  is  of  paramount  importance  in 
the  area,  with  crude  oil  production  next  in  importance . In  i960, 
21.4  million  tons  of  coal  were  produced  and  87*3  thousand  barrels 
of  oil  were  produced,  representing  32.7  percent  and  1.5  percent, 
respectively,  of  the  total  production  in  the  State  of  Pennsylvania. 
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However,  total  mining  employment  declined  from  38,300  in  1950  to 
13,400  in  i960,  or  a decline  of  65  percent.  The  decrease  in 
mining  employment  in  Cambria  and  Somerset  Counties  is  a major 
reason  for  the  relatively  low  personal  per  capita  income  in  i960. 

Agricultural  employment  declined  from  12,600  in  1950  to 
8,500  in  i960.  However,  value  of  total  farm  products  sold 
increased  from  $36  million  in  1954  to  $44  million  in  1959, 

46  percent  of  the  1959  figure  being  dairy  products.  land 
irrigated  increased  from  350  acres  to  55O  acres  between  1954 
and  1959* 

New  York  State  Counties 

As  shown  in  Table  6b,  total  population  for  the  3~c°unty 
area  in  i960  was  269,600  with  three  large  cities  of  these 
counties  located  in  the  Allegheny  River  drainage  area.  These 
cities  are  Jamestown  in  Chautauqua  County  with  a population 
of  41,000,  and  Salamanca  and  Olean  in  Cattaraugus  County  with 
populations  of  8,500  and  21,900  respectively. 

Eighty  manufacturing  establishments  having  100  employees 
or  more  were  located  in  these  counties  in  1964.  The  most 
important  manufacturing  industries  are  furniture,  lumber,  and 
wood  products,  primary  and  fabricated  metals,  other  nondurables, 
machinery  (including  electrical  machinery),  and  food  and  kindred 
products.  One  thermal  power  generating  plant  with  a capacity  of 
57.5  megawatts  is  located  at  Jamestown,  New  York. 

Agricultural  employment  decreased  about  40  percent  between 
1950  and  i960.  The  value  of  farm  products  sold  was  about  $48 
million  in  i960.  Dairy  products  accounted  for  60  percent, 
livestock  products  accounted  for  13  percent,  and  fruit  accounted 
for  11  percent  of  this  total  figure. 

Although  county  figures  are  not  available  at  this  time, 
it  is  known  that  there  is  some  oil  extraction  in  Cattaraugus 
County. 


Projected  Population  and  Industrial  Activity 


Subarea  A 


Population  is  projected  in  Subarea  A to  increase  from 
805,100  in  i960  to  922,500  in  1980  and  to  1.3  million  by  2020. 
Whereas  the  area  population  amounted  to  4.2  percent  of  Ohio  River 
Basin  population  in  i960,  it  is  projected  to  have  4 percent  of 
Ohio  River  Basin  population  by  1980  and  3-7  percent  by  2020. 
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Agricultural  output  in  Subarea  A as  projected  in  the 
Projective  Economic  Study  is  expected  to  decline  slightly  from 
$134  million  in  i960  to  $129  million  by  1980  and  then  increase 
to  about  $172  million  by  the  year  2010. 

Manufacturing  output  is  projected  to  increase  steadily 
from  $2  billion  in  i960  to  4 A times  this  figure  or  approximately 
$8.8  billion  by  2010. 

Table  7a  shows  i960  manufacturing  output,  total  en?>loyment, 
and  manufacturing  employment.  Projections  to  1980,  2000,  and 
2020  for  the  minor  areas  are  shown  as  indices  using  i960  as  the 
base. 

In  addition  to  the  counties  included  in  the  Allegheny 
subarea  in  the  Projective  Economic  Study,  ten  other  counties 
have  land  area  within  the  basin.  These  counties  are  listed  in 
Table  8.  Three  of  these  counties  are  in  New  York  State  and  are 
discussed  in  the  following  paragraph.  The  remaining  counties 
are  in  Pennsylvania  and  some  of  them  have  significant  water  using 
communities  within  the  basin.  Projections  of  their  water  require- 
ments and  waste  production  are  based  on  the  projections  of 
adjacent  Projective  Economic  Study  subareas. 

New  York  State  Counties 

Population  is  projected  by  New  York  State  economists  on 
the  basis  of  high  and  low  county  to  Nation  ratios  and  applied 
to  hi#i  and  low  national  projections  to  obtain  subarea  and 
county  estimates.  In  Table  6b  are  shown  the  projected  total 
populations  for  the  three  counties.  The  low  projection  indicates 
little  increase  by  2020  and  the  high  projection  indicates  about 
a 25  percent  increase  in  population  from  i960  to  2020. 

Agricultural  output  is  projected  to  increase  slightly 
from  $48  million  in  i960, to  $60.6  million  by  1980,  and  to 
$97.4  million  by  2020. 

The  value  of  manufacturing  output  is  projected  to  increase 
from  seven  to  nine  times  its  present  value  based  on  constant 
i960  dollars. 

Table  7b  shows  i960  total  employment  and  manufacturing 
employment.  Manufacturing  output  projections  as  well  as  total 
employment  and  manufacturing  eu^loyment  projections  for  1980, 
2000,  and  2020  are  shown  as  indices  using  i960  as  the  base. 
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'WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


Present  and  Projected  Water  Use 

There  are  210  central  water  supply  systems  in  the  Allegheny 
River  Basin  serving  a population  of  over  1,713*000*  The  average 
daily  municipal  water  use  is  over  215  mgd,  amounting  to  125 
gallons  per  capita  daily  use. 

In  the  basin,  a. out  86  percent  of  the  water  used  for 
municipal  supplies  is  from  surface  sources.  Although  total 
water  supplies  from  ground  water  sources  is  relatively  small, 
amounting  to  about  32  mgd,  there  are  about  137  central  water 
supplies  dependent  on  ground  water  sources.  About  6h  percent  of 
the  total  water  is  used  in  Allegheny  and  Westmoreland  Counties 
which  are  part  of  the  Pittsburgh,  Pennsylvania,  S.M.S.A. 

The  present  municipal  and  industrial  water  use  in  the  basin 
is  listed  in  Table  9 by  county  and  totaled  for  economic  subareas, 
with  separate  sublistings  for  the  New  York  counties  and  other 
areas  in  the  basin  and  totaled  for  the  basin. 

In  the  upper  basin  in  Pennsylvania,  generally  outlined 
by  the  boundaries  of  minor  area  A-l,  the  major  communities  of 
Meadville,  Bradford,  Franklin,  Oil  City,  and  Warren  account  for 
over  70  percent  of  the  water  use.  In  the  extreme  upper  reaches 
of  +he  drainage  area  in  New  York  State,  the  major  communities 
of  Jamestown,  Olean,  and  Salamanca  account  for  over  91  percent 
of  the  municipal  water  use  in  this  area. 

In  the  middle  areas  of  the  basin,  generally  defined  by 
the  boundaries  of  minor  area  A-2,  the  larger  communities  of 
Johnstown,  Windber,  Indiana,  St.  Marys,  and  Cresson,  Pennsylvania, 
account  for  over  53  percent  of  the  water  use. 

In  other  areas  in  the  basin  considered  in  this  report  but 
not  included  in  Subarea  A,  are  Dubois  in  Clearfield  County, 
obtaining  its  water  supply  from  Anderson  Creek  in  the  Susquehanna 
River  Basin,  and  Latrobe  in  Westmoreland  County. 


Major  industrial  water  use  in  minor  area  A-l  occurs  in 
Crawford  and  Venango  Counties,  in  minor  area  A-2  in  Armstrong, 
Cambria,  and  Indiana  Counties,  and  in  other  areas  not  included 
in  Subarea  A in  Allegheny,  Butler,  and  Westmoreland  Counties. 

Based  on  population  increase  and  projected  industrial 
activity,  estimated  water  use  is  projected  to  increase  in  the 
Allegheny  River  Basin  as  snown  in  Table  10.  It  is  estimated 
that  total  municipal  and  industrial  water  needs  will  increase 
nearly  2.75  times  by  2020.  The  major  increases  will  probably 
occur  in  or  about  the  present  centers  of  population  and 
industrial  activity  mentioned  previously. 

Increases  by  2020  by  minor  areas  are  A-l  less  than  2 
times,  A-2  over  3.5  times.  New  York  counties  over  3 times,  and 
other  areas  in  the  basin  2 times. 

Based  on  increased  production  of  agricultural  commodities 
and  a 64*-  increase  of  irrigated  land  (for  the  period  1954  to  1959) > 
it  is  estimated  that  water  needs  for  irrigation  will  increase  8 to 

10  times  by  the  year  7010. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10 
and  the  1 day  in  30  year  low  flow  data  given  in  Table  5 and 
availability  of  ground  water  as  reported  by  the  U.  S.  Geological 
S ur ve yVwe re  used  to  arrive  at  a judgment  as  to  need  of  future 
development  of  sources  of  water  supply.  Shown  in  Table  11  are 
problem  areas  with  the  approximate  time  of  onset. 

In  minor  area  A-l,  the  total  average  water  use  is  projected 
to  increase  to  87  mgd  by  1980,  to  134mgd  by  2000,  and  to  199  mgd 
by  2020.  Approximately  65  percent  of  the  projected  water  use  in 
this  subarea  will  be  for  industrial  use  probably  centered  near 
the  communities  of  MeadviUe  on  French  Creek  and  Franklin  and 

011  City  on  the  Allegheny  River.  Surface  water  Supplies  in  the 
Allegheny  River  appear  to  be  adequate  and  ground  water  is  available 
in  the  alluvium  along  French  Creek  and  the  Allegheny  River  in 
sufficient  quantities  to  support  these  needs.  Although  municipal 
water  needs  by  1980  as  projected  will  exceed  the  design  capacity 
of  present  facilities  at  Titusville,  the  community  should  have 
sufficient  water  available  in  the  alluvium  to  meet  the  projected 
needs . 


1 f Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Study. 


TABIE  11 


ALLEGHENY  RIVER  BASIN 
Water  Supply  Problem  Areas 


Vicinity- 


1/ 


Minor  Area 


Present  1980  2000  2020 


Titusville 

A-l 

Bradford 

A-l 

Kane 

A-l 

Port  Allegany 

A-l 

Warren 

A-l 

Summer  Hill  Township 

A-2 

Clarion 

A-2 

Johnsonburg 

A-2 

Blairsville 

A-2 

Indiana 

A-2 

Conemaugh  Township 
01ean2/ 

A-2 

* 

Union- City 

* 

X 


X 


X 

X 

X 

X 

X 


X 

X 

X 


X 


X 


X 


1 / Pennsylvania  unless  otherwise  noted. 

2 / New  York  State. 

* Not  included  in  Projective  Economic  Study  but  covered  by  economic 
study  prepared  by  the  State  of  New  York. 


In  minor  area  A-2  by  1980,  total  water  needs  are  projected 
to  increase  to  215  mgd,  by  2000  to  330  mgd,  and  by  2020  to  520  mgd. 
About  75  percent  of  the  projected  water  use  is  for  industrial 
needs.  Assuming  that  these  needs  will  be  located  adjacent  to  or 
at  points  of  present  usage,  major  withdrawals  will  occur  along 
the  Allegheny  River  in  Armstrong  County  in  the  Kittaning  to 
Freeport  reach,  in  Cambria  County  at  Johnstown,  in  Elk  County 
in  the  vicinity  of  Johnsonburg,  and  in  Indiana  County  near 
Blairsville  and  Saltsburg.  Since  much  of  the  water  for  industrial 
use  in  Armstrong  County  will  probably  be  for  cooling  purposes  and 
can  be  reused,  adequate  supplies  to  meet  these  projected  needs 
can  be  obtained  from  the  Allegheny  River.  Future  needs  at 
Johnsonburg,  Saltsburg,  and  Blairsville  will  probably  have  to  be 
met  from  surface  sources.  Blairsville  and  Saltsburg  are  located 
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along  the  Kiskiminetas  and  Conemaugh  Rive* s and  surface  flows  in 
these  streams  are  ample  to  supply  future  industrial  needs. 

However,  if  the  quality  of  these  streams  is  not  improved,  they  will 
not  serve  as  sources  of  municipal  supply  and  impoundments  on 
tributary  streams  would  be  a better  sot rce.  Johnsonburg  is  located 
on  the  Clarion  River  in  the  headwater  region.  Impounded  storage 
will  probably  be  required  to  meet  needs  in  this  area. 

Indications  are  that  the  municipal  water  systems  at 
Conemaugh  Township  and  Summer  Hill  Township,  both  located  on 
tributaries  of  the  Conemaugh  River,  should  be  increasing  their 
capacities  by  I98O. 

Clarion,  presently  using  ground  water  as  a source  of  supply, 
should  be  planning  to  expand  its  source  of  supply  after  1980. 
Indications  are  that  expansion  of  its  well  field  by  tapping  bedrock 
sources  would  probably  be  a logical  solution  although  ample 
surface  flow  in  the  Clarion  River  appears  to  be  available  to  meet 
projected  needs. 

Johnsonburg,  located  in  the  headwaters  of  the  Clarion  River,  is 
now  using  ground  and  surface  sources.  It  should  be  planning  by  1980 
to  increase  its  production  capacity.  Indications  are  that  ground 
water  exists  in  sufficient  quantity  to  meet  future  needs  although 
impoundment  of  tributaries  to  augment  present  surface  and  ground 
sources  could  be  a solution. 

Blairsville  presently  along  with  Indiana  by  1980  should  be 
planning  to  increase  their  capacity.  Both  communities  are 
presently  using  surface  sources  and  additions  to  the  present 
upland  storage  would  probably  be  the  solution  to  these  problems 
although  indications  are  that  ground  water  exists  in  the  bedrock 
in  the  Indiana  County  area  which  could  be  developed  in  conjunction 
with  surface  sources. 

The  community  of  Olean,  New  York,  in  the  upper  Allegheny 
River  Basin  should  be  planning  for  additional  needs  for  supply 
by  2000.  Olean,  presently  using  a surface  source,  could  augment 
this  source  from  ground  water  supplies  or  increase  their  surface 
water  supply  by  construction  of  upland  reservoirs.  Union  City  in 
Erie  County,  Pennsylvania,  presently  using  surface  sources,  by 
1980  will  probably  need  additional  raw  water  supplies.  Ground 
water  sources  in  the  alluvium  along  French  Creek  could  be  a source 
of  supply  to  meet  these  needs. 
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In  the  lower  reaches  of  the  Allegheny  River  and  tributary 
streams  in  Allegheny  and  Westmoreland  Counties,  most  of  the 
industrial  and  municipal  water  supplies  are  obtained  frcm  the 
major  streams  where  the  quantity  of  waoer  is  ample  to  meet 
projected  future  needs. 

Undoubtedly  there  are  other  smaller  communities  wnich 
will  have  water  problems  but  it  is  beyond  the  scope  of  this 
report  to  define  these  problem  areas. 


I 

i 


a 
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VI  WATER  QUALITY  CONTROL 


Present  and  Projected  Waste  Loads 

Present  untreated  organic  waste  production  is  shown  in 
Table  12.  In  the  upper  Allegheny  River  Basin  not  included  in  the 
Projective  Economic  Study,  the  major  source  of  organic  pollution 
is  Olean,  New  York  on  the  Allegheny  River  in  Cattaraugus  County. 
Jamestown,  New  York  on  Cassadaga  Creek  in  Chautauqua  County 
formerly  a major  source  of  organic  pollution,  has  recently 
installed  secondary  treatment  facilities  which  should  decrease 
the  organic  load  from  this  source. 

In  the  upper  portion  of  the  basin  in  Pennsylvania,  outlined 
generally  by  the  boundaries  of  minor  area  A-i,  major  untreated 
organic  waste  products  occur  in  Crawford  and  Venango  Counties, 
accounting  for  nearly  6 0 percent  of  the  total  in  minor  area  A-l. 

Major  sources  in  Crawford  County  are  at  Meadville  and  Titusville 
and  in  Venango  County  at  Oil  City  and  Franklin . 

i 

In  the  middle  portion  of  the  basin,  generally  outlined  by 
the  minor  area  A-2  boundaries,  major  raw  organic  waste  production 
results  from  the  population  in  Cambria  County.  Over  $0  percent  of 
the  total  untreated  domestic  waste  products  in  the  area  originate  in 
the  county  with  the  major  portion  at  Johnstown  on  the  Conemaugh  River. 

In  the  lower  portion  of  the  basin,  major  untreated  organic  waste 
products  are  found  in  Allegheny  and  Westmoreland  Counties,  part  of  the 
Pittsburgh  Standard  Metropolitan  Statistical  Area  (S.M.S.A.). 

Most  of  the  organic  wastes  in  the  greater  Pittsburgh  urban  area 
in  Allegheny  County  axe  collected  and  delivered  for  treatment  to  a 
plant  operated  by  the  Allegheny  County  Sanitary  Authority  located  on 
the  main  stem  of  the  Ohio  River  just  below  the  confluence  of  the 
Allegheny  and  Monongahela  Rivers.  However,  approximately  22  percent 
of  the  pollutional  load  in  the  entire  Allegheny  River  Basin  is 
located  in  Allegheny  and  Westmoreland  Counties  and  is  dischaxged  to 
the  Allegheny  River,  Kiskiminetas  River,  and  tributary. streams  in  the 
lower  basin.  The  lower  72  miles  of  the  Allegheny  River  are  canalized 
and  navigation  dams  have  created  a series  of  slack  water  pools.  Flows 
(4,000  cfs,  90  percent  frequency)  frcm  Allegheny  Reservoir,  now 
under  construction  by  the  Corps  of  Engineers,  will  appreciably 
improve  conditions  in  these  lower  reaches  of  the  Allegheny  River. 
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Major  industrial  untreated  organic  waste  products  are  found  in 
Elk  County,  accounting  for  almost  50  percent  of  the  total  untreated  organic 
waste  products  in  minor  area  A-2.  Most  or  this  production  of  waste  is 
located  along  the  Clarion  River  in  the  VJilcox-Johnsonburg  area. 

Shown  in  Table  13  are  the  base  and  projected  untreated  organic 
waste  production  for  the  minor  areas.  Wastes  tributary  to  the  basin 
streams  are  projected  to  increase  about  2.75  times  by  2020,  with  wastes  in 
minor  area  A-l  increasing  about  3.25  times,  in  minor  area  A-2 
about  3 times,  in  the  New  York  counties  about  3.5  times,  and  in 
other  areas  of  the  basin  about  I.67  times. 

Water  Quality  Control  Problems 

Listed  in  Table  14  are  the  more  critical  areas  and  the 
approximate  beginning  date  of  the  need  for  stream  regulation  for 
quality  control  or  other  appropriate  measures  for  pollution  control. 


TABLE  14 


ALLEGHENY  RIVER  BASIN 


Present  and  Projected  Water  Quality  Control  Problem  Areas 

Vicinity-i^ 

Economic 

Approximate  Beginning 

Stream 

Area 

Present 

1900  2000  : 

Cassadaga  Creek 

2/ 

Jamestown-' 

* 

X 

Tunungwant  Creek 

Bradford 

A-l 

X 

French  Creek 

Meadville 

A-l 

X 

Paint  Creek 

Windber 

A-2 

X 

Two  Lick  Creek 

Indiana 

A-2 

X 

Loyalhanna  Creek 

Latrobe 

c 

X 

Little  Conemaujh 

Cresson 

A-2 

X 

2020 


Creek 


1/  Pennsylvania  unless  otherwise  noted. 

2/  New  York  State. 

* Not  included  in  the  Projective  Economic  Study  but  covered  by  economic 
study  prepared  by  the  State  of  New  York. 
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The  major  quality  control  problem  areas  in  the  basin  are 
in  French  Creek  in  the  Clarion  River,  in  the  Kiskiminetas- 
Conemaugh  Rivers  system  in  Cassadaga  Creek,  and  the  Allegheny 
River  below  the  confluence  with  the  Kiskiminetas  River. 

In  the  upper  portion  of  the  basin,  Jamestown,  New  York, 
discharges  its  wastes  into  Cassadaga  Creek,  a tributary  of 
Conewango  Creek.  Cassadaga  Creek  has  a design  flow  of  approximately 
10  to  15  cfs.  At  present,  a flow  of  25  cfs  in  the  stream  is  needed 
to  assimilate  residual  wastes  remaining  after  secondary  treatment. 

It  is  estimated  that  needs  will  increase  to  40  cfs  by  i960,  55  cfs 
by  2000,  and  70  cfs  by  2020.  A treatment  plant  has  been  proposed 
to  serve  the  township  and  communities  adjacent  to  the  southern 
end  of  Lake  Chautauqua.  Preliminary  plans  indicate  the  discharge 
will  be  to  the  Chadakoin  River  about  7 miles  upstream  from  its 
confluence  with  Cassadaga  Creek.  It  is  anticipated  that  with  8 5 it 
treatment  and  a population  equivalent  of  3 2,000  in  1970  this 
stream  will  also  require  low  flow  augmentation . 

In  minor  area  A-l  at  Meadville  in  French  Creek,  if  organic 
wastes  are  given  secondary  treatment,  the  design  flow  of  35  cfs 
is  adequate  at  the  present  to  assimilate  residual  wastes.  However, 
by  I98O  flows  in  the  order  of  40  cfs  will  be  needed,  increasing  to 
55  cfs  by  2000,  and  75  cfs  by  2020.  At  Bradford  on  Tunungwant  Creek 
where  design  flow  is  probably  less  than  10  cfs,  total  flow  in  the 
order  of  25  cfs  is  needed  at  the  present,  increasing  to  35  cfs  by 

1980,  50  cfs  by  2000,  and  65  cfs  by  2020. 

In  minor  area  A-2  at  Indiana,  Pennsylvania,  where  a design 
flow  of  around  25  cfs  occurs  in  Two  Lick  Creek,  the  need  for  a 
flow  of  30  cfs  is  indicated  by  2000,  increasing  to  40  cfs  by  2020. 
Creason,  located  in  the  headwaters  of  Little  Conemaugh  Creek,  is  on 
a stream  where  the  design  flow  would  be  expected  to  be  very  small. 
Flows  in  the  order  of  12  cfs  are  needed  at  the  present,  increasing 
to  17  cfs  by  1980,  25  cfs  by  2000,  and  30  cfs  by  2020.  Windber, 
located  on  Paint  Creek  in  the  headwaters  of  the  Conemaugh  River  where 
the  design  flow  is  very  small  requires  a present  flow  in  the  order 
of  18  cfs  even  with  secondary  treatment.  Continued  increasing  flows 
are  anticipated  to  be  needed  in  the  future,  in  the  order  of  24  cfs  by 

1980,  32  cfs  by  2000,  and  43  cfs  by  2020.  Regulation  of  streamflow 

from  storage  is  probably  not  the  solution  in  these  problem  areas 

but  rather  intensive  treatment  and  "polishing'  or  holding  ponds 
where  sewage  plant  effluent  can  be  held  and  released  during  periods 
of  higher  flows . 
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In  other  areas  at  Latrobe  located  on  Loyalhanna  Creek, 
where  design  flow  is  about  15  cfs,  flows  in  the  order  of  30  cfs 
are  needed  at  the  present,  increasing  to  35  cfs  by  i960,  38  cfs 
by  2000,  and  45  cfs  by  2020. 

Other  water  quality  problems  are  heat,  mine  drainage,  and 
chloride  pollution.  Major  sources  of  heat  release  to  the  streams 
are  frctn  two  thermal  power  generating  plants  located  on  the  lower 
Allegheny  River  at  Springdale  and  Colfax  in  Allegheny  County  and 
one  plant  located  in  Armstrong  County.  These  plants  have  capacities 
of  4l6.1,  262.5  and  326.4  megawatts  respectively.  In  the  upper 
Allegheny  River  Basin  there  are  plants  located  at  Warren  on  the 
Allegheny  River  and  at  Jamestown,  New  York,  on  the  Chadakoin  River 
with  generating  capacities  of  73-4  and  57.5  megawatts  respectively. 
Two  plants  are  located  on  the  Conemaugh  River,  one  at  Seward  with 
a capacity  of  295*3  megawatts  and  one  at  Johnstown  with  a capacity 
of  74.5  megawatts.  These  plants  use  surface  water  for  cooling 
purposes  and,  with  the  exception  of  the  plants  located  along  the 
Allegheny  River,  can  cause  high  stream  temperatures  in  localized 
stream  reaches  during  periods  of  low  flow. 

Chloride  pollution  as  the  result  of  oil  drilling  operations 
is  found  in  Oil  Creek  and  mine  drainage  is  a problem  in  the 
Kiskiminetas  River,  Clarion  River,  Redbank  Creek,  Cowanshannock 
Creek,  and  Crooked  Creek  drainage  subbasins. 
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TAbLE  1 


ALLEGHENY  RIVER  BASIN 
Counties  in  Basin 


State 

County 

New  York 

Allegany 

Pennsylvania 

Allegheny 

ft 

* 

Armstrong 

If 

Butler 

11 

* 

Cambria 

New  York 

Cattaraugus 

It 

Chautauqua 

Pennsylvania 

11 

* 

Clarion 

Clearfield 

11 

* 

Crawford 

fl 

* 

Elk 

11 

Erie 

11 

* 

Forest 

11 

* 

Indiana 

ft 

* 

Jefferson 

It 

* 

McKean 

11 

Mercer 

fl 

Potter 

11 

* 

Somerset 

11 

* 

Venango 

fl 

* 

Warren 

ft 

Westmoreland 

Percent  of  Land  Area  in  Basin 

17.4 

31.4 

100.0 

29.1 

58.8 

74.2 

71.6 

100.0 

9.9 

75.9 

67.2 

49.2 

100.0 

91.9 

100.0 

97.4 
15.8 
28.6 

37.7 

97.8 

100.0 

58.0 


♦Counties  considered  in  Projective  Economic  Study  of 
Allegheny  River  Basin. 
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TABLE  2 


ALLEGHENY  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 

Length  of  Miles  from 
Drainage  Area  Stream  confluence 


Tributary 

Sq.  Miles 

(miles) 

with  Ohio  River 

Allegheny  River 

11,730 

325 

0 

Kiskiminetas  River 

1,892 

27 

30 

Mahoning  Creek 

417 

60 

56 

Red  Bank  Creek 

586 

75 

65 

Clarion  River 

1,232 

110 

86 

French  Creek 

1,246 

80 

127 

Oil  Creek 

340 

45 

134 

Tionesta  Creek 

485 

60 

154 

Conewango  Creek 

898 

65 

192 

TABLE  3 

ALLEGHENY  RIVER  BASIN 

Population  of  Principal  Communities 


City 

County 

State 

1910 

1920 

1930 

1940 

1950 

i960 

Johnstown 

Cambria 

Pennsyl. 

55,482 

67,327 

66,993 

66,668 

63,232 

53,949 

Jamestown 

1/ 

Wilkinsburg 

-i  / 

Chautauqua 

New  York 

31,297 

38,917 

45,155 

42,638 

43,354 

41,818 

Allegheny 

Pennsyl. 

18,924 

24,403 

29,639 

29,853 

31,418 

30,066 

AJ 

New  Kensington  Westmoreland  " 

7,707 

11,987 

16,762 

24,055 

25,146 

23,485 

Olean 

Cattaraugus 

New  York 

14,743 

20,506 

21,790 

21,506 

22,884 

21,868 

Oil  City 

Venango 

Pennsyl. 

15,657 

21,274 

22,075 

20,379 

19,581 

17,692 

Meadville 

Crawford 

If 

12,780 

14,568 

16,698 

18,919 

18,972 

16,671 

Bradford 

McKean 

If 

14,544 

15,525 

19,306 

17,691 

17,354 

15,061 

Warren 

Warren 

If 

11,080 

14,272 

14,863 

14,891 

14,849 

14,505 

Indiana 

Indiana 

If 

5,749 

7,043 

9,569 

10,050 

11,743 

13,005 

y 

Lower  Burrell 

Westmoreland 

- 

- 

“ 

- 

“ 

11,952 

Latrobe 

II 

It 

8,777 

9,484 

10,644 

11,111 

11,811 

11,932 

DuBois 

Clearfield 

If 

12,623 

13,681 

11,595 

12,080 

11,497 

10,667 

1/ 

Plum 

Allegheny 

If 

- 

“ 

10,241 

Franklin 

y 

Arnold 

Venango 

If 

9,767 

9,970 

10,254 

9,948 

10,006 

9,586 

Westmoreland  " 

1,818 

6,120 

10,575 

10,898 

10,263 

9,437 

Punxsutawney 

Jefferson 

" 

9,058 

10,311 

9,266 

9,482 

8,969 

8,805 

Vandergrift 

Westmoreland  " 

3,876 

9,531 

11,479 

10,725 

9,524 

8,742 

1 / Part  of  Pittsburgh,  Pennsylvania  urbanized  area.  For  Pittsburgh  data 
see  Section  13,  Ohio  River  Main  Stem,  Appendix  D. 


TABLE  4 


ALLEGHENY  RIVER  BASIN 


Reservoirs  - 

Area  100  Acres 

or  Greater 

Perm .Mini. 

Storage  ( 

acre-feet) 

Name 

Purpose 

Pool  Area 
(Acres; 

Max. Flood 
Control 

Water 

Supply 

Maximum 

Summer 

Lake  Chautauqua* 

13,400 

Tionesta  Creek 

F 

480 

125,600 

7,800 

East  Branch  Clarion 
River 

F,  A 

90 

38,700 

65,300 

Mahoning  Creek 

F 

170 

69,700 

4,500 

Crooked  Creek 

F 

350 

89,400 

4,500 

Conemaugh  River 

F 

300 

270,000 

4,000 

Loyalhanna  Creek 

F 

210 

93,300 

2,000 

Allegheny  River 

F,  A 

1,900 

940,000 

573,000 

Piney  Reservoir 

P 

28,900 

Erie  National 
Wildlife  Refuge 

R 

100 

Lake  Somerset 

R 

253 

Conneaut  Lake 

R 

Queraahoning  Reservoir 

R 

♦Natural  lake  - capacity  not  determined. 

F - Flood  Control 
P - Power 

A - lew  Flow  Regulation 
R - Recreation 
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1/  Excerpted  from  "Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin  Comprehensive  Survey. 


ALLEGHENY  RIVER  BASIN 


*In  millions  of  i960  dollars. 


TABIE  8 


1 


ALLEGHENY  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  Subareas 

New  York 

Allegany 

Pennsylvania 

Allegheny 

C Pittsburgh  SMSA 

fl 

Butler 

D Beaver 

New  York 

Cattaraugus 

*1/ 

It  It 

Chautauqua 

*1/ 

Pennsylvania 

Clearfield 

* 

IT 

Erie 

* 

IT 

Mercer 

D Beaver 

If 

Potter 

* 

IT 

Westmoreland 

C Pittsburgh  SMSA 

* - Not  included  in  Projective  Economic  Study  of  Ohio  River  Basin. 

* \J-  Not  included  in  Projective  Economic  Study  of  Ohio  River  Basin, 

but  covered  in  "Ohio  River  Basin  Economic  Base  Study  for 
Subarea  20"  prepared  by  the  Division  of  Water  Resources, 

New  York  State  Conservation  Department. 
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Subtotal  99  290,27b  39,215  259,059  35.292  2.BH7  32.405  118  105. 
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Allegheny  River  Basin 
From  Central  Supplies 

Total  1,713,161  125  215.5  2,019,900  136  278.9  2,^78,000  143  356.5  3,  54,000  154  500.0 

Industrial  Total  277-7  380.4  555-5  845.0 

GRAND  TOTAL  ^93.2  659*3  912.0  1^*570 
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NOT  to  be  interpreted  as  waste  loads  to  the  stream. 


ALLEGHENY  RIVER  BASIN 
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I SUMAKT 


Municipal  and  Industrial  Water  Supply  Problems 

Additional  quantities  of  water  are,  or  vlll  be  needed  to 
supply  four  cromunltles  in  the  basin.  The  camnunlties  of  Weston  and 
Bridgeport,  West  Virginia,  both  have  an  immediate  need  for  additional 
water,  and  the  cosmunities  of  Clarksburg  and  Elkins  are  projected  to 
have  a need  for  additional  water  by  the  year  i960. 

Industrial  activity  within  the  basin  is  largely  concentrated 
in  the  Pittsburgh  metropolitan  area  in  the  lower  reaches  of  the 
Monongahela  River.  Steel  Baking  is  the  chief  industry  and  vast 
quantities  of  cooling  water  are  used  in  its  production.  There  is 
an  adequate  quantity  for  these  uses  although  the  water  quality  is 
quite  poor  in  the  lower  portions  of  the  river  due  to  nine  drainage. 

Water  Quality  Control  Problem 

The  najor  water  quality  control  problem  within  the  Monongahela 
River  Basin  is  that  of  acid  mine  drainage.  The  Monongahela  River 
is  acid  throughout  its  length,  and  the  West  Fork,  Tygart  Valley, 

Cheat,  and  Youghiogheny  Rivers  are  acid  for  more  than  half  of  the 
length  of  their  main  stems. 

Charleroi,  Pennsylvania,  on  the  main  stem  of  the  Monongahela 
River  was  selected  as  a dividing  point,  since  acid  contributions  above 
this  point  are  mainly  from  acid  mine  discharges.  Below  this  point, 
industries  within  the  Pittsburgh  metropolitan  complex  contribute  both 
acidity  and  alkalinity  to  the  stream. 

By  providing  treatment  of  the  acid  wastes  originating  from 
active  mining  operations  within  the  basin,  together  with  an  extensive 
program  of  applying  xnown  remedial  measures  at  the  source  of  acid  mine 
drainage  originating  from  abandoned  mines,  acid  loadB  in  the  main  stem 
of  the  Monongahela  River  and  major  tributaries  can  probably  be  reduced 
in  the  order  of  50  to  70  percent  of  present  values.  The  reduction,  if 
realized,  will  still  be  insufficient  to  bring  the  water  quality  of  the 
aain  stem  to  an  acceptable  minimum  pH  level  of  6,  and  streamflow 
regulation  might  be  an  interim  solution  pending  continued  extension  of 
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The  major  water  quality  problem  due  to  residuals  remaining 
after  secondary  treatment  of  organic  wastes  is  located  in  the 
Pittsburgh  area.  A need  exists  in  the  area  for  low  streamf low 
regulation  during  the  critical  season  in  the  order  of  2,100  cfs 
at  the  present,  2,700  cfs  by  i960,  3>575  cfs  by  2000,  and  U,U50  cfs 
by  the  year  2020.  The  present  7-day  average  once  in  ten  year  low 
flow  at  Braddock,  Pennsylvania,  is  1,820  cfs. 


If  the  acid  concentrations  in  the  streams  were  reduced  to  a 
point  where  aquatic  life  could  again  exist,  then  problems  would 
develop  during  low  flow  periods  from  the  discharge  of  residual 
organic  wastes  remaining  after  secondary  treatment.  The  major 
problem  areas  would  be  in  the  West  Fork  River  below  Clarksburg, 
in  Redstone  Creek  below  Uniontown,  Pennsylvania,  in  Jacks  Run 
below  Greensburg,  Pennsylvania,  and  in  Brush  Creek  below  Jeannette, 
Pennsylvania. 
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II  DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 

The  Monongahela  River  Basin  includes  approximately  7 >380 
square  miles  in  northern  West  Virginia,  southwestern  Pennsylvania, 
and  northwestern  Maryland.  The  portion  of  the  basin  in  West  Virginia 
consists  of  *+,150  square  miles  and  the  portion  of  the  basin  in 
Pennsylvania  and  Maryland  consists  of  approximately  2,730  and  500 
square  miles,  respectively.  The  basin  is  bounded  on  the  west  by 
main  stem  Ohio  River  drainage,  on  the  south  by  the  Little  Kanawha 
and  Kanawha  River  Basins,  on  the  east  by  the  Potcmac  River  Basin, 
and  on  the  north  by  the  Allegheny  River  Basin.  It  is  located  in 
all  or  part  of  11  counties  in  West  Virginia,  six  counties  in 
Pennsylvania,  and  one  county  in  Maryland,  as  shown  in  Table  1. 

The  Monongahela  River  is  formed  by  the  confluence  of  the 
West  Fork  and  Tygart  Valley  Rivers  at  Fairmont,  West  Virginia.  The 
river  flows  in  a northerly  direction  for  129  miles  and  joins  the 
Allegheny  River  at  Pittsburgh  to  form  the  Ohio  River.  Pertinent 
data  regarding  the  major  tributaries  are  shown  in  Table  2.  The 
basin  is  shown  on  Figure  2-1,  page  2-32. 

I, 

Physical  Features 

The  Monongahela  River  Basin  is  located  in  the  Appalachian 
Plateaus  physiographic  province,  mostly  in  the  Kanawha  section  and 
partly  in  the  Allegheny  Mountains  section.  This  area  represents  a 
mature  plateau  of  fine  texture  with  moderate  to  strong  relief. 

Erosion  has  reduced  almost  all  the  land  area  to  slope.  The  terrain 
is  rugged  and  the  valleys  are  deep  and  narrow.  Flat  areas  are 
limited  to  narrow  flood  plains  and  seme  terraces  and  flat-topped 
hills.  The  elevations  of  the  basin  range  from  a high  of  approximately 
4,600  feet  above  sea  level  in  the  headwaters  of  the  Cheat  River  to 
about  700  feet  above  sea  level  at  Pittsburgh,  giving  a maximum  relief 
of  nearly  4,000  feet. 

Physiographic  features  and  geology  of  the  Monongahela  Basin 
are  described  in  detail  in  the  U.  S.  Geological  Survey  Groundwater 
Report . V 


Unconsolidated  alluvium  of  clay,  silt,  sand,  and  gravel  of 
Pleistocene  and  Recent  ages  is  present  along  the  major  stream 
valleys.  The  deposits  are  usually  coarser  toward  the  base. 

Remnants  of  ancient  lake  terrace  alluvium  are  present  on  hill 
areas  about  two  hundred  feet  higher  than  the  Monongahela  River. 

The  prevalence  of  slopes  and  rugged  terrain  severely 
restrict  the  acreage  suitable  to  cultivation.  Except  in  localized 
axe  as , erosion  is  not  now  severe;  but  considerable  erosion  occurred 
formerly  due  to  lumbering,  unsound  farm  practices,  and  mining 
activities.  Currently  erosion  is  greatest  in  the  western  third 
of  the  basin  due  either  to  one  of  several  factors  or  to  a combination 
of  them;  namely  unprotected  strip  mined  areas,  highly  erosive  shale 
soils,  cultivated  or  overgrazed  slopes,  and  unprotected  soil  in 
urban  developments,  particularly  in  the  Pittsburgh  area.  Most  of  the 
basin,  however,  either  is  forested  or  under  a protective  grass  cover. 

Climate 


The  Monongahela  River  Basin  is  characterized  by  a continental 
climate.  Seasons  are  of  near  equal  length.  Winters  are  moderate  to 
severe,  but  summers  are  mild  to  warm.  Topographic  differences  in  the 
basin  cause  marked  variations  in  precipitation  and  temperature  between 
the  mountainous  areas  and  the  hilly  plateau  lands.  The  area  geograph- 
ically is  in  a region  of  frontal  air  mass  activity,  being  subjected 
alternately  to  polar  and  tropical  air  masses.  Frequent  and  rapid 
changes  in  weather  occur  due  to  the  passage  of  fronts  associated  with 
general  low  pressure  areas. 

The  mean  annual  temperature  ranges  fran  about  48°F  at  high 
elevations  to  about  56°F  at  lower  elevations.  Average  monthly 
temperatures  are  highest  in  July  and  lowest  in  January  with  an 
approximate  range  of  from  74°F  to  34°F.  Precipitation  is  ample  and 
well  distributed  through  the  seasons  with  an  average  annual  amount 
of  nearly  50  inches,  and  varying  from  about  42  inches  at  low 
elevations  to  approximately  54  inches  at  high  elevations.  Snow 
covers  the  ground  much  of  the  time  during  winter.  The  growing 
season  has  an  average  length  of  about  130  days  at  high  altitudes 
to  approximately  150  days  in  the  western  part  of  the  basin. 


f 
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Principal  CotnmuDities  and  Industries 

Most  of  the  agriculture,  manufacturing,  mining,  and  urban 
and  industrial  centers  are  located  in  the  western  half  of  the  basin 
with  much  of  the  basic  steel  industry  in  the  basin  located  in  the 
lower  reach  of  the  Monongahela  River.  Forested  lands  are  more 
concentrated  in  the  eastern  half.  Hay  and  livestock  are  the  chief 
agricultural  products.  Much  coal  mining  has  occurred  in  the  basin, 
and  coal  extraction  continues  to  be  important  in  the  western  third 
of  the  basin  in  the  general  -vicinity  of  the  West  Fork  River,  the 
main  stem  of  the  Monongahela  River,  and  in  portions  of  Preston 
County,  West  Virginia  and  Somerset  County,  Pennsylvania.  Industries 
are  concentrated  along  the  West  Fork  River  and  main  stem  Monongahela 
River. 

Most  of  the  principal  communities  in  the  basin  are  a part  of 
the  Pittsburgh  urban  area.  Other  larger  communities  are  Clarksburg, 
Morgantown  and  Fairmont,  West  Virginia.  The  1910  to  i960  populations 
1 of  the  principal  communities  in  the  basin  are  shown  in  Table  3. 

I 
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Ill  WATER  RESOURCES 


Surface  Water  Resources 
Quantity 

Streamflow  in  the  basin  is  regulated  to  seme  extent  by 
multiple-purpose  dams  and  headwater  reservoirs. 

Shown  in  Table  4 are  pertinent  data  regarding  impoundments 
in  the  basin. 

The  four  existing  reservoirs  operated  by  the  U.  S.  Army  Corps 
of  Engineers,  Tygart,  Youghiogheny , Lake  Lynn,  and  Deep  Creek,  have 
a total  storage  of  429,000  acre-feet  for  flood  protection  and 
590,970  acre-feet  for  other  purposes,  such  as  hydroelectric  power, 
navigation  and  recreation.  Lake  Lynn  and  Deep  Creek  Reservoirs  are 
operated  for  the  purpose  of  producing  hydroelectric  power  and  have 
a combined  storage  capacity  of  341,770  acre-feet. 

Storage  in  the  Tygart  Reservoir  is  released  to  maintain  a 
minimum  flow  of  340  cfs  at  Lock  and  Dam  No.  8 on  the  Monongahela 
River. 

The  Rowlesburg  and  Stonewall  Jackson  Reservoirs  under  study 
by  the  Corps  of  Engineers  would  provide  an  additional  337,600  acre- 
feet  of  storage  for  flood  control  and  617,7 00  acre-feet  for 
regulation  of  streamflow  for  purpose  of  water  quality  control, 
hydroelectric  power,  and  as  a source  of  water  for  municipal  use. 

Of  the  basin’s  entire  7,380  square  mile  drainage  area,  the 
present  Tygart,  Youghiogheny,  and  Lake  Lynn  Reservoirs  control  a 
total  of  3,031  square  miles.  The  proposed  Stonewall  Jackson 
Reservoir  would  increase  this  amount  by  another  102  square  miles. 

The  main  stem  Monongahela  River  is  navigable  throughout  its 
129  mile  length  from  its  mouth  to  its  confluence  with  the  Tygart 
and  West  Fork  Rivers. 


Shown  in  Table  5 are  streamflow  data  for  the  Monongahela 
River  excerpted  from  hydrology  datai/ prepared  by  the  Corps  of 
Engineers. 

Quality 

Surface  waters  in  the  basin  are  generally  of  very  poor 
quality.  This  is  largely  due  to  pollution  by  mine  drainage.  Of 
the  twenty  major  subbasins  within  the  Ohio  River  Basin,  the 
Monongahela  River  Basin  is  by  far  the  most  seriously  polluted 
with  respect  to  mine  drainage.  The  main  stem  of  the  Monongahela 
River  is  acidic  in  nature  throughout  the  entire  year.  In  addition, 
mine  drainage  is  a major  stream  pollutant  in  every  significant 
watershed  which  is  tributary  to  the  main  stem  of  the  Monongahela 
River. 


Generally  speaking,  the  alkaline  surface  water  within  the 
basin  is  restricted  to  small  tributaries  located  in  the  western, 
southern,  and  southeastern  extremities  of  the  Monongahela  River  Basin.  It 
is  also  significant  to^note  that  on  the  main  stem  of  the  Monongahela 
River  between  Fairmont,  West  Virginia,  and  Pittsburgh,  Pennsylvania, 
the  bulk  of  the  residual  acidity  carried  by  the  river  is  contributed 
by  numerous  small  tributaries  within  this  stream  reach.  Of  further 
significance  is  the  fact  that  roughly  a 10  percent  depletion  of  the 
coal  reserves  of  the  States  of  Pennsylvania  and  West  Virginia  has 
created  the  vast  problem  of  acid  mine  drainage  pollution.  Unless 
adequate  control  measures  are  developed  and  applied,  the  exploitation 
of  the  remaining  coal  reserves  could  result  in  an  even  greater  water 
pollution  problem. 

Although  pollution  frcm  acid  mine  drainage  is  the  major 
problem  within  the  basin,  organic  waste  loads  from  industries  and 
municipalities  are  also  significant.  The  impact  of  these  organic 
wastes,  however,  on  the  various  receiving  streams  is  often  masked 
by  the  presence  of  large  amounts  of  acidity. 

Ground  Water  Resources 

Cuantity 

Ground  water  resources  are  described  by  the  U.  S.  Geological 
Survey_'  and  the  following  discussion  has  been  condensed  from  this 
information. 

\J  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 

2 j Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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The  basin  is  underlain  by  (Paleozoic)  sedimentary  rocks 
composed  of  alternating  layers  of  sandstone,  shale,  coal,  and  seme 
limestone.  Alluvium  is  present  in  all  the  major  stream  valleys  and 
is  a source  of  significant  amounts  of  water  along  the  major  drainage 
in  the  lower  part  of  the  basin.  The  Monongahela  Basin  is  entirely 
unglaciated. 

The  chief  sources  of  ground  water  in  the  basin  are  the  coarse- 
grained sandstones  and  conglomerates  of  the  Pottsville  and  Allegheny 
formations.  The  sandstones  of  the  Pottsville  formation  are  poorly 
cemented  and  fractured  and,  therefore,  are  the  best  aquifers  in  the 
basin.  These  formations  are  available  at  the  surface  in  wide 
parallel  bands  trending  north-south  in  the  central  and  eastern  parts 
Of  the  basin.  Throughout  these  areas,  the  Pottsville  aquifers  will 
generally  yield  more  than  100  gallons  per  minute  (gpm)  to  wells,  and 
reportedly  yield  more  than  300  gpm  to  seme  wells.  In  seme  areas, 
the  Pottsville  and  Allegheny  formations  are  virtually  untested  for 
yield. 


River  alluvium  along  the  lower  reaches  of  the  Monongahela  and 
Youghiogheny  Rivers  contains  appreciable  thicknesses  of  poorly 
sorted  sand  and  gravel.  The  largest  well  yields  from  the  basin's 
alluvial  deposits  are  obtained  from  these  sand  and  gravel  deposits. 
Yields  of  300  gpm  can  be  obtained  from  the  river  alluvium  along  the 
Monongahela  River  below  Brownsville,  Pennsylvania,  and  along  the 
Youghiogheny  River  below  West  Newton,  Pennsylvania.  Large  yields 
from  these  deposits  have  been  sustained  by  induced  infiltration  of 
the  overlying  river  water. 

Quality 

Ground  water  from  all  the  chief  sources  in  the  basin  generally 
contains  iron  in  objectionable  concentrations.  With  the  exception 
of  iron  content,  the  water  from  the  sandstone  aquifers  is  of  good 
quality. 

Water  from  the  alluvium  of  the  lower  Monongahela  and 
Youghiogheny  Rivers  is  of  variable  quality  partly  due  to  contamination 
by  polluted  river  water  and  by  recharge  infiltrating  through  blast- 
furnace slag  piles. 


The  total  dissolved  solids  content  of  water  from  the 
alluvium  generally  ranges  from  300  to  3,000  mg/'l,  and  the  hardness 
generally  ranges  from  120  to  1,700  mg/l,  The  higher  values  most 
likely  are  due  to  the  presence  of  acid  stream  water  that  entered 
the  aquifer  hy  induced  infiltration  due  to  pumping. 

Water  from  the  principal  bedrock  aquifers  is  softer  with 
hardness  concentrations  generally  ranging  from  10  to  350  mg/l. 

The  total  dissolved  solids  generally  range  frcm  50  to  600  mg/l. 


2-9 


* 


IV  THE  ECONOMY 


I- 


The  Monongahela  subarea  contains  the  middle  and  upper 
portions  of  the  drainage  basin  of  the  Monongahela  River.  The  subarea 
includes  two  counties  in  Pennsylvania,  the  extreme  western  county 
of  Maryland,  and  ten  counties  in  Vest  Virginia.  The  area  is  divided 
into  two  minor  areas,  B-l  and  B-2,  to  facilitate  future  estimates  of 
water  requirements  and  waste  loads.  The  B-l  minor  area  includes 
the  seven  western  counties,  and  B-2  includes  the  remaining  six 
eastern  counties  in  the  middle  and  upper  portion  of  the  basin.  The 
counties  in  each  minor  area  are  listed  in  Tables  6 and  7 and  shown 
in  Figure  2-1,  page  2-32.  The  entire  subarea  is  within  the  region 
designated  as  Appalachia. 

Economic  Profiles 

i — — — 

j Minor  Area  B-l 

Population  in  this  minor  area  was  U40,600  in  I960,  with  five 
cities  having  populations  between  12,000  and  28,000.  These  cities 
are  Clarksburg,  28,100,  Morgantown,  22,500,  and  Fairmont,  27,500, 
all  in  West  Virginia,  and  Uniontown  and  Connellsville , Pennsylvania, 
18,000  and  12,800  respectively.  Average  personal  per  capita  income 
amounted  to  $1,296  in  the  area  compared  to  $1,378  for  V/est  Virginia, 
$1,855  for  Pennsylvania,  and  $1,850  for  the  Nation. 

Manufacturing  is  the  most  important  employment  category. 
Manufacturing  employment  has  manifested  a low  growth  rate  of  0.3 
percent  per  annum  from  1950  to  i960.  The  most  important  industries 
are  other  durables,  primary  metals,  machinery  (including  electrical 
machinery) , and  food  processing.  Two  thermal  power  generating  plants 
axe  located  in  the  area  with  a total  generating  capacity  of  229 
megawatts . 

Coal  mining  is  a major  industry  in  this  area.  In  i960,  35 
million  tons  of  coal  were  produced  equaling  29.6  percent  of  West 
Virginia's  total  production.  Although  17,800  people  were  employed 
in  mining  in  i960,  this  was  less  than  half  the  1950  figure,  and 
coal  production  is  expected  to  manifest  a continuing  growth  in  output. 
Oil  and  gas  production  are  next  in  importance,  but  no  production 


figures  axe  available  on  the  county  basis.  However,  24  new  producing 
oil  wells,  100  new  gas  wells,  and  33  new  combination  gas  and  oil 
wells  were  drilled  in  the  West  Virginia  counties  in  1963*  In 
West  Virginia  as  a whole,  97,  64l,  and  219  such  wells  respectively 
were  completed  in  1963. 

The  total  value  of  farm  products  sold  increased  $3.5  million 
over  1954  to  $16.3  million  by  1959*  Dairy  products  accounted  for 
42  percent  of  the  total  value  in  Fayette  and  Greene  Counties, 
Pennsylvania  and  35  percent  for  the  area  as  a whole.  Three  hundred 
acres  were  irrigated  in  1959. 

Minor  Area  B-2 

Minor  area  B-2  is  sparsely  settled  with  a population  of  115,500 
in  i960  and  an  average  personal  per  capita  income  well  below  that  of 
West  Virginia — $1,022,  compared  to  $1,378  for  the  State.  Urban 
population  accounted  for  only  15  percent  of  total  population  in 
comparison  to  38  percent  for  the  State  of  West  Virginia. 

Although  manufacturing  is  the  most  important  employment 
category,  it  is  still  in  a developing  stage.  In  1964,  there  were 
only  13  plants  with  over  100  employees,  and  11  of  these  were  in  the 
100-249  employee  category.  The  most  important  industries  are 
furniture  and  wood  products,  apparel,  food  processing,  and  fabricated 
metals.  Three  thermal  power  generating  plants  are  located  in  the 
area  with  a total  capacity  of  271.5  megawatts. 

Mining  is  the  second  most  important  commodity  employment 
category  and  is  centered  around  fossil  fuel  production.  Nine  and 
three-tenths  million  tons  of  coal  were  produced  in  i960  representing 
7.9  percent  of  the  State  of  West  Virginia  total  production. 

Although  county  figures  on  the  production  of  gas  and  oil  are  not 
available,  35  producing  oil  wells  and  73  producing  gas  wells  were 
drilled  in  i960  in  the  West  Virginia  portion  of  the  minor  area. 

Agriculture  has  followed  historical  trends . Employment  in 
i960  was  less  than  half  the  1950  figure,  but  the  value  of  agricultural 
output  increased  four  million  dollars  from  the  1954  figure  to  a total 
of  $14.9  million  in  1959*  Livestock  and  livestock  products  accounted 
for  35  percent  of  this  total,  dairy  products  amounting  to  29  percent. 

A total  of  1,200  acres  were  irrigated  in  1959. 
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Projected  Population  and  Industrial  Activity 

Population  of  the  Monongahela  subarea  is  projected  to  increase 
from  556,100  in  i960  to  750,000  by  2020.  The  i960  area  population 
represented  2.9  percent  of  Ohio  River  Basin  population,  but  it  is 
projected  to  represent  only  2.2  percent  by  the  year  2020.  Shown 
in  Table  6 is  the  i960  and  projected  population  for  minor  areas 
B-l  and  B-2. 

Agricultural  output  is  expected  to  decline  from  $87.1 
million  in  i960  to  $80.3  million  in  I98O  and  then  increase  to  about 
$91.7  million  by  2010. 

Manufacturing  output  is  expected  to  show  a steady  increase 
frcm  $675  million  in  i960  to  about  $3  billion  by  the  year  2010. 

Shown  in  Table  7 is  total  employment,  manufacturing  employment 
and  manufacturing  output  for  i960.  Projections  to  I98O,  2000  and 
2020  for  the  minor  areas  are  shown  as  indices  using  i960  as  the  base. 

In  addition  to  the  counties  included  in  the  Monongahela 
subarea  in  the  Projective  Economic  Study,  five  other  counties  have 
land  area  within  the  Monongahela  River  Basin.  These  counties  are 
listed  in  Table  8.  In  some  of  the  counties  there  are  communities 
with  significant  water  use  and  organic  waste  loads  and  projections 
of  their  water  requirements  and  waste  loads  are  based  on  the 
projections  of  the  Projective  Economic  Study  subarea  in  which  they 
are  located. 
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WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


Present  and  Projected  Water  Use 


There  are  ll8  central  water  supplies  in  the  Monongahela  River 
Basin  serving  a population  of  1,324,000.  The  average  daily  water 
use  is  142  mgd,  amounting  to  107  gallons  per  capita  daily  use. 

In  the  basin,  97  percent  of  the  water  used  for  municipal 
supplies  is  from  surface  sources.  Municipalities  in  Allegheny 
County  account  for  53  percent  of  the  water  from  surface  sources  as 
well  as  about  53  percent  of  the  total  municipal  water  use  in  the 
basin. 


The  present  municipal  and  industrial  water  use  in  the  basin 
is  listed  in  Table  9 by  county.  Subtotals  are  listed  for  each 
economic  subareas  and  other  areas  in  the  basin.  In  the  designation 
listed  as  "Other  Areas  in  the  Basin,"  the  county  of  Allegheny, 
Pennsylvania,  accounts  for  about  65  percent  of  the  population  served 
by  central  systems  and  approximately  71  percent  of  the  water  use. 


The  major  industrial  water  use  is  for  the  steel,  chemical 
and  allied  product  industries  located  in  Allegheny  County  which  is 
part  of  the  Pittsburgh  S.M.S.A.  This  use  accounts  for  about  98 
percent  of  the  total  industrial  water  use  within  the  Monongahela 
River  Basin.  This  large  industrial  use  is  53  percent  of  total  industrial 
water  use  in  the  Ohio  River  Basin  under  study.  The  importance  of 
industrial  water  supply  to  the  area  is  thus  illustrated. 

Based  on  population  increase  and  projected  industrial  activity, 
estimated  water  use  will  increase  in  the  Monongahela  River  Basin  as 
shown  in  Table  10.  It  is  estimated  that  total  municipal  and 
industrial  water  requirements  will  increase  over  twofold  by  the  year 
2020.  The  major  increases  will  probably  occur  in  or  about  the  present 
centers  of  population  and  industrial  activity. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10, 
the  1.  day  in  30  years  low  flow  data  given  in  Table  5,  and  availability 
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of  ground  water  as  reported  by  the  U.  S.  Geological  Survey—  were 
used  to  arrive  at  a .judgment  as  to  need  of  future  development  of 
sources  of  water  supply.  Problem  areas  with  approximate  time  of 
onset  arc  shown  in  Table  11. 


TABLE  11 

KOUOHGAHELA  RIVER  BASIN 
V.'ater  Supply  Problem  Areas 


Minor  Area 

Present 

1980 

2000 

2020 

Bridgeport,  W.Va. 

B-l 

X 

Elkins,  V/.Va. 

B-2 

X 

Weston,  W.Va. 

B-l 

X 

Clarksburg,  W.Va. 

B-l 

X 

In  minor  area  B-l,  the  total  water  use  is  projected  to  increase 
to  71.5  mgd  by  1980,  to  116  mgd  by  2000,  and  to  158  mgd  by  2020. 

About  60  percent  of  the  projected  water  use  in  this  subarea  will  be 
for  industrial  use.  It  is  anticipated  that  increased  industrial 
activity  will  occur  in  the  areas  of  Clarksburg  in  Harrison  County, 

West  Virginia,  and  Weston  in  Lewis  County,  V/est  Virginia,  if  the 
Stonewall  Jackson  Reservoir  on  the  West  Fork  River  becomes  a reality. 

Therefore,  the  cities  of  Clarksburg  and  Weston  are  expected 
to  continue  to  show  an  increasing  demand  for  water.  The  present 
water  use  for  Clarksburg  is  5.3  mgd,  and  this  is  expected  to  increase 
to  about  18.6  mgd  by  the  year  2020.  There  will  be  a need  for  about 
2 mgd  additional  water  to  serve  this  community  by  the  year  1980, 
increasing  to  about  13  mgd  additional  water  supply  by  2020.  The 
city  of  Weston's  present  water  use  is  1.1  mgd.  However,  their  water 
supply  is  presently  inadequate  during  periods  of  drought  since  low 
flows  approach  zero,  and  there  is  an  immediate  need  for  additional 
water  to  serve  this  community.  Therefore,  storage  to  provide  a flow 
of  about  1.1  mgd  is  needed  now,  increasing  to  about  4.5  mgd  by  the 
year  2020. 

\J  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 


♦ 


The  municipal  water  use  in  the  community  of  Bridgeport  in 
Harrison  County,  West  Virginia,  is  primarily  for  residential  use. 

This  community  draws  its  supply  from  two  small  presently  inadequate 
impoundments  on  Davisson  Run.  Assuming  that  industrial  expansion 
will  occur  in  the  Clarksburg,  West  Virginia  area,  an  increase  in 
population  will  probably  occur  in  Bridgeport.  The  need  for  supply 
can  probably  be  met  from  additional  impoundments  in  this  area. 

In  minor  area  B-2,  the  total  water  use  is  projected  to 
increase  to  5 mgd  by  1980,  7 mgd  by  2000,  and  10.5  mgd  by  2020. 

About  30  percent  of  the  projected  water  use  in  this  subarea  will  be 
for  industrial  use.  It  is  assumed  that  Elkins  in  Randolph  County, 

West  Virginia,  the  largest  community  in  this  minor  area,  will  be 
the  hub  of  increased  water  use.  This  community  draws  its  supply 
from  the  headwater  reaches  of  the  Tygarts  Valley  River.  The  supply 
of  water  fran  these  upstream  sources  will  be  inadequate  by  1980 
and  local  impoundments  for  storage  of  water  for  supply  or  groundwater 
can  probably  meet  future  needs. 
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VI  WATER  QUALITY  CCHTRQL 


Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  in  the  Monongahela  River 
Basin  are  shown  in  Table  12.  The  portion  of  the  Pittsburgh,  Pennsyl- 
vania, industrial  complex  located  in  the  Monongahela  River  Basin  in- 
cludes portions  of  Allegheny,  Westmoreland,  Washington,  Greene,  and 
Fayette  Counties  in  Pennsylvania.  These  five  counties  account  for 
about  75  percent  of  the  total  domestic  and  commercial  organic  pollu- 
tional  load  generated  in  the  basin.  Hii6  are a also  contributes  about 
83  percent  of  the  total  estimated  industrial  organic  pollution  load 
generated  in  the  Monongahela  River  Basin.  In  the  entire  basin, 
industry  contributes  about  2?  percent  of  the  total  organic  waste  load 
generated . 

Shown  in  Table  13  are  the  base  and  projected  waste  loads 
generated  for  the  various  minor  areas.  Waste  loads  generated  are 
projected  to  increase  on  an  average  of  1.15  times  by  the  year  1980, 

1.5  times  by  2000,  and  2 times  by  2020. 

Water  Quality  Control  Problems 

As  previously  indicated,  the  present  major  water  quality 
control  problem  within  the  Monongahela  River  Basin  is  that  of  mine 
drainage . 

The  Monongahela  River  is  acid  throughout  its  length  and  the 
major  tributaries,  the  West  Fork,  Tygart  Valley,  Cheat  and  Youghiogheny 
Rivers  are  acid  for  more  than  half  of  the  length  of  their  main  stems. 

Some  of  the  effects  of  mine  drainage  in  the  receiving  stream 
and  its  subsequent  use  are  well  known.  Waters  which  contain 
quantities  of  mine  drainage  have  a deleterious  effect  upon  fish  and 
related  aquatic  life,  which  usually  results  in  the  elimination  of 
practically  all  stream  life.  The  esthetic  value  of  the  stream  is 
normally  ruined  with  a corresponding  decline  in  adjacent  property  values. 
High  concentrations  of  minerals  commonly  contained  in  mine  waters  make 
the  use  of  the  receiving  stream  either  unsuitable  for  other  industrial 
and  municipal  purposes,  or  requires  special  water  treatment  at  addi- 
tional cost.  The  corrosive  nature  of  acid  waters  is  particularly 
objectionable  due  to  the  extensive  use  of  the  Monongahela  River  for 
navigation,  as  well  as  a source  of  municipal  and  industrial  water  supply. 
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The  water  quality  of  the  Monongahela  River  Basin,  therefore, 
must  be  classified  as  generally  degraded,  with  the  major  pollutant 
being  mine  drainage. 

The  largest  organic  contributions  occur  in  the  lower  portion 
of  the  main  stem  of  the  Monongahela  River  within  the  industrial 
canplex  of  metropolitan  Pittsburgh.  In  this  area,  steel  is  the 
chief  product.  A very  large  volume  of  cooling  water  which  is 
extracted  from  the  Monongahela  River  is  treated  with  lime,  etc.,  to 
reduce  its  corrosive  properties  prior  to  utilization  by  the  steel 
industry  in  this  area.  Due  to  this,  as  well  as  to  recent  technological 
changes  in  the  steel  pickling  operation,  the  lower  portions  of  the 
river  appear  to  have  been  buffered  to  some  degree. 

Although  the  effects  of  the  organic  loads  fran  municipalities 
and  industries  within  the  basin  are  presently  often  masked  by  the 
existing  acid  problem,  it  is  anticipated  that  if  the  acid  problem 
can  be  greatly  brought  under  control  the  impact  of  the  organic  wastes 
would  be  noticed.  In  the  absence  of  large  concentrations  of  acids, 
calculations  indicate  that  the  residual  organic  waste  loads  after 
the  application  of  secondary  treatment  or  equivalent  reduction 
measures  would  result  in  water  quality  problems  in  the  Pittsburgh 
area  and  in  the  areas  of  fourteen  other  canmunities  within  the  basin. 
These  communities  and  the  tributary  affected  are  shown  in  Table  l4. 

It  is  interesting  to  note  that  all  the  areas  Vhich  would  be 
expected  to  have  a water  quality  problem  within  the  study  period, 
as  a result  of  residual  organic  wastes,  would  actually  be  anticipated 
to  have  an  immediate  problem  if  the  acid  problem  did  not  exist  in 
the  streams. 

The  major  organic  contributions  within  the  basin  are  to  the 
main  stem  of  the  Monongahela  River  in  the  Pittsburgh  metropolitan 
area.  Although  the  majority  of  the  municipal  and  sane  industrial 
waste  loads  during  dry  weather  conditions  are  treated  and  discharged 
into  the  Ohio  River  via  the  Allegheny  County  Sanitary  Authority  System, 
there  are  several  canmunities  and  a large  number  of  industries  which 
discharge  organic  loads  to  the  Monongahela  River.  In  addition,  the 
Pittsburgh  area  lias  a large  number  of  combined  sewers  which  discharge 
to  the  Monongahela  River  during  wet  weather.  Past  studies  indicate 
that  even  after  secondary  treatment,  the  residual  organic  loads  to  the 
Monongahela  River  in  the  Pittsburgh  area  would  be  such  that  additional 
streamflow  regulation  for  quality  control  is  needed. 
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TABLE  14 


MOUONGAHELA  RIVER  BASH: 

Present  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 

Vicinity  Area 

Present 

Monongahela  River 

Pittsburgh, Pa.  C 

X 

West  Fork  River 

Clarksburg, W.Va.  B-l 

X 

Wes t Fork  River 

Weston,  W.Va.  B-l 

X 

Redstone  Creek 

Uniontown,  Pa.  B-l 

X 

Beards  Run 

Bridgeport, W.Va.  B-l 

X 

Buffalo  Creek 

Mannington,W.Va.  B-l 

X 

S.Fork  Ten  Mile 
Creek 

Waynesburg,  Pa.  B-l 

X 

Tygart  Valley  R. 

Elkins,  W.Va.  B-2 

X 

Buckhannon  River 

Buckhannon ,W.Va.  B-2 

X 

Jacks  Run 

Greensburg,  Pa.  C 

X 

Brush  Creek 

Jeannette,  Pa.  C 

X 

Brush  Creek 

Irwin,  Pa.  C 

X 

Jacobs  Creek 

Scottdale,  Pa.  C 

X 

Coxes  Creek 

Somerset,  Pa.  A-2 

X 

Pigeon  Creek 

Bentleyville,Pa.  C 

X 

These  studies  show  a need  in  the  Monongahela  River  in  the 
Pittsburgh  area  for  a minimum  summer  streamf low  in  the  order  of 
2,100  cfs,  2,700  cfs  by  1980,  3,575  cfs  by  2000,  and  4,450  cfs  by 
the  year  2020.  The  present  7-day  average  once  in  ten  year  low  flow 
(called  the  design  flow)  at  Braddock,  Pennsylvania,  is  1,820  cfs. 

In  Jacks  Run  at  Greensburg,  Pennsylvania,  the  design  flow  is 
less  than  1 cfs.  Summer  flows  in  the  order  of  30  cfs  would 
be  required  at  the  present,  increasing  to  35  cfs  in  1980,  40  cfs  in 
2000,  and  50  cfs  in  the  year  2020. 

In  the  West  Fork  River  below  Clarksburg,  West  Virginia,  the 
design  flow  is  about  2 cfs.  Summer  flows  in  the  order  of 
25  cfs  are  required  at  the  present,  increasing  to  30  cfs  in  1980, 

40  cfs  in  2000,  and  50  cfs  by  the  year  2020. 

At  Jeannette,  Pennsylvania,  the  design  flow  of  Brush  Creek 
is  less  than  1 cfs.  Summer  flows  in  the  order  of  15  cfs  are 
required  at  the  present,  increasing  to  25  cfs  by  the  year  202 0. 


In  the  Redstone  Creek  at  Uniontown,  Pennsylvania,  the  design 
flow  is  less  than  1 cf s . Summer  flows  in  the  order  of  10  cfs 
are  required  at  the  present,  increasing  to  20  cfs  by  the  year 

2020. 

Other  points  of  streamflow  needs  shown  in  Table  14 
are  presently  less  than  5 cfs,  increasing  to  about  10  cfs,  or 
less,  by  the  year  2020  depending  upon  the  area  involved. 
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TABIE  1 


MONONGAHELA  RIVER  BASIN 
Counties  in  Basin 


State 

County 

Pennsylvania 

Allegheny 

West  Virginia  * 

Barbour 

Pennsylvania  * 

Fayette 

Maryland 

Garrett 

Pennsylvania  * 

Greene 

West  Virginia  * 

Harrison 

ii  n * 

Lewis 

ii  ii  * 

Marion 

ii  ii  * 

Monongalia 

ii  it 

Pocahontas 

it  ti  * 

Preston 

» " * 

Randolph 

Pennsylvania 

Somerset 

West  Virginia  * 

Taylor 

ii  ti  * 

Tucker 

ii  ii  * 

Upshur 

Pennsylvania 

Washington 

If 

Westmoreland 

Percent  of  Land  Area  in  Basin 

30.7 

100.0 

100.0 

63.8 

78.7 

100.0 

62.5 

100.0 

100.0 

3-6 

99.0 

91.3 

48.8 

100.0 

100.0 

83.0 

36.8 

42.0 


♦Counties  considered  in  economic  projections  of 
Monongahela  River  Basin. 
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TABLE  2 

MONONGAHELA  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
Sq.  Miles 

Length  of 
Stream 
(miles ) 

Miles  from 
confluence 
with  Ohio  River 

Monongahela  River 

7,400 

128 

0 

Youghiogheny  River 

1,768 

135 

16 

Cheat  River 

1,424 

75 

89 

Tygart  Valley  River 

1,369 

130 

128 

West  Fork  River 

882 

&0 

128 
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Population  of  Principal  Ccmnunities 


TABLE  4 


MONONGAHELA  RIVER  BASIN 
Reservoirs  - Area  100  Acres  or  Greater 


Lake  Lynn 


Purpose 


Tygart  Reservoir  F,  N,  P 
Youghiogheny  Res.  F,  A 
Deep  Creek  Res.  F 


Perm. Mini. 


Storage  (acre-feet) 


Pool  Area  Max. Flood  Water 

(acres)  Control  Supply 

1,730 

620  278,000 

450  151,000 

4,500 


F - Flood  Control 
N - Navigation 
P - Hydroelectric  Power 
A - Low  Flow  Regulation 


■23 


On  O m 


t"-  IPs 

on  oo 


a) 

> 


,0 

(0 

0) 


a) 

> 


•S 

w 

w 


a 


t/N 

OJ 


C\J  CO  O C\J 

• 0s-  On 

«H  r-H 


rH  ON 

• • O On 

O -4- 


& 

C*- 


ON  o 

CVJ  NO 


cn  no  no 

O H <©  NO 

4 On  H ro 


aJ  • 

> - 


c 

o 

& 

a 


& 


(X  c 

•H  O 


X,  o 


s 

SJ 

o 

o 


i» 

. c 

OJ 


c 

0) 

si 

*H 

'G, 

? 


ro  ro 

o 


o co 

LfN  O 
CO  CT\ 


CO  NO 
NO  CNJ 
-4-  CO 


'col 


S!  § 

•H  > 
cc:  rH 
>> 
w 


§ 

> 

>» 

CO 


0> 

CU 


•H 
•£  | 

Jm 


o 

o 


p bO 

i 5)  o 


I 


2-2h 


MONONGAHEIA  RIVER  BASIN 


*In  millions  of  i960  dollars. 
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TABLE  8 

MONONGAHELA  RIVER  BASIN 


Counties 

Considered  in  Economic 

Base 

of  Adjoining  Subareas 

State 

County 

Included  in  Economic  Subarea 

Pennsylvania 

Allegheny 

C 

Pittsburgh  SMSA 

West  Virginia 

Pocahontas 

G-6 

Kanawha- Little  Kanawha 

Pennsylvania 

Somerset 

A-2 

Allegheny 

ft 

Washington 

C 

Pittsburgh  SMSA 

ft 

Westmoreland 

C 

Pittsburgh  SMSA 
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TABI£  10 


MONONGAHEIA  RIVER  BASIE 
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♦NOT  to  be  interpreted  as  waste  loads  to  the  stream 
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I SUMMARY 


Municipal  and  Industrial  Water  Supply  Problems 

Major  municipal  water  use  in  the  basin  occurs  in  the  Mahoning 
River  subb^sin  in  the  Warren  to  Youngstown,  Ohio  reach.  The  major 
portion  of  the  water  used  is  from  surface  sources,  primarily  frar 
impoundments  on  tributary  streams.  In  the  upper  Mahoning  River  Basin, 
Alliance  uses  both  ground  and  surface  sources.  The  major  industrial 
water  use  is  for  cooling  purposes  and  is  located  in  this  same  reach 
of  stream.  The  principal,  source  of  water  is  the  Mahoning  River, 
augmented  during  low  flow  periods  by  releases  frcm  multipurpose 
•eservoirs. 

In  other  areas  in  the  Beaver  River  Basin,  major  withdrawals 
from  surface  sources  occur  in  Pennsylvania  at  Butler  from 
Connoquenessing  Creek  (Butler  also  pumps  municipal  water  from  the 
Allegheny  River) , at  Ellwood  City  frcm  Slippery  Rock  Creek,  at 
Mercer  frcm  Otter  Creek,  at  New  Castle  and  Sharon  frcm  the  Shenango 
River,  at  Greenville  frcm  a tributary  of  the  Little  Shenango  River 
and  at  Beaver  Falls  frcm  the  Beaver  River. 

Based  on  data  of  dependable  yields  frcm  existing  surface 
impoundments  and  projected  water  use,  it  is  estimated  that  by  1980 
additional  municipal  water  supply  sources  should  be  developed  to 
meet  the  needs  at  Warren,  Alliance,  Youngstown  and  other  communities 
served  by  the  Mahoning  Valley  Sanitary  District. 

Water  Quality  Control  problems 

Because  of  present  industrial  water  use  practices,  even  with 
low  flow  stream  regulation,  excessive  stream  temperatures  exist  in 
the  Mahoning  River,  indicating  a high  reuse  of  water  from  the  stream 
for  cooling  purposes.  This  condition  could  be  improved  by  utilization 
of  off-stream  cooling  water  facilities.  An  adequate  supply  of  water 
is  available  in  the  stream  for  the  higher  makeup  losses. 

The  major  problem  area  in  the  Beaver  River  Basin  is  in  the 
reach  of  the  Mahoning  River  from  Warren  downstream  to  Youngstown, 

Ohio. 
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The  quality  of  water  in  the  Mahoning  River  has  been  degraded 
by  the  discharge  of  inadequately  treated  organic  wastes  from 
municipal  and  industrial  sources,  the  discharge  of  excessive  heat 
loads  frcn  industry  and  the  discharge  of  inorganic  wastes  from 
industries  in  the  area.  Assuming  secondary  treatment  of  organic 
wastes , control  of  inorganic  discharges  and  reduction  of  heat  loads 
at  the  source  by  off- stream  cooling  methods,  low  flow  augmentative 
release  from  existing  reservoirs  are  adequate  at  the  present  to 
assimilate  residual  organic  wastes.  However,  with  projected  population 
increase  and  increased  industrial,  activity,  increased  simmer  flows  will 
be  required  starting  in  1980. 

Another  area  in  the  basin  where  stream  conditions  are  unsatis- 
factory at  the  present  during  low  flow  periods  is  the  Mahoning  River 
below  Alliance,  Ohio. 


II  DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 

The  Beaver  River  Basin  is  located  in  northeastern  Ohio  and 
northwestern  Pennsylvania.  The  Beaver  River  is  formed  by  the  con- 
fluence of  the  Mahoning  River  and  Shenango  River  near  New  Castle, 
Pennsylvania,  and  flows  in  a southerly  direction  for  about  21  miles, 
where  it  enters  the  Ohio  River  at  Rochester,  Pennsylvania,, 
approximately  25  river  miles  below  Pittsburgh.  The  Mahoning  River 
rises  south  of  Alliance,  Ohio,  flows  northeast  to  Warren,  Ohio,  where 
it  turns  to  the  southeast  and  flows  through  Youngstown,  Ohio  and 
across  the  Ohio-Pennsylvania  line  to  join  the  Shenango  River.  The 
Shenango  River  rises  in  Pennsylvania,  flows  northwest  to  the  Ohio- 
Pennsylvania  border  then  turns  and  flows  generally  south  to  the 
confluence  with  the  Mahoning  River.  The  total  drainage  area  of  the 
basin  is  3,130  square  miles,  covering  parts  of  the  13  counties  in 
the  two  States  listed  in  Table  1. 

The  main  tributaries  comprising  the  Beaver  River  system  are 
shown  in  Table  2. 

Physical  Features 

The  Beaver  River  Basin  is  situated  in  the  Appalachian  Plateau 
province  of  the  Appalachian  Highlands  physiographic  division.  The 
topography  of  the  northern  and  western  portions  of  the  basin  has 
been  changed  by  the  continental  ice  sheets,  which  rounded  the  hills 
and  filled  most  of  the  bedrock  valleys  with  thick  deposits  of  glacial 
sediments,  generally  clay  and  fine  sand.  The  southeastern  part  of 
the  basin  drained  by  Connoquenessing  Creek  is  unglaciated  and  is 
dissected  plateau. 

There  are  no  natural  lakes  in  the  basin.  In  the  Mahoning 
River  Basin,  two  major  bodies  of  water,  Berlin  and  Mosquito  Creek 
Reservoirs,  were  created  by  dams  constructed  by  the  Corps  of  Engineers 
for  flood  control,  water  supply  and  low  flow  regulation.  Milton 
Reservoir  was  constructed  by  the  city  of  Youngstown  and  private’ 
interests  for  the  purpose  of  augmenting  low  flow  in  the  Mahoning  River. 
Meander  Creek  Reservoir,  a water  supply  reservoir  constructed  by  the 
Mahoning  Valley  Sanitary  District,  and  West  Branch  Reservoir,  now 
under  construction  by  the  Corps  of  Engineers,  will  regulate  flows  in 
the  Mahoning  River.  In  the  Shenango  River  Basin,  Pymatuning  Reservoir 
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was  built  by  the  State  of  Pennsylvania  for  the  primary  purpose  of 
recreation.  Shenango  Reservoir  is  being  constructed  by  the 
Corps  of  Engineers  for  flood  control  and  flow  regulation. 

There  are  also  a number  of  smaller  reservoirs  constructed  for  water 
supply  and  recreation  purposes. 

Climate 

The  average  annual  precipitation  is  about  35  inches  generally 
well  distributed  throughout  the  year. 

Average  minimum  monthly  temperature  is  about  27°F  in  January 
with  the  average  maximum  monthly  temperature  about  72°F  in  July. 

The  frost-free  season  averages  about  150  days  throughout  the  basin. 

Principal  Communities  and  Industries 

Agriculture  in  the  basin  consists  primarily  of  the  dairy 
industry,  stock  raising,  poultry  raising,  truck  crops  and  fruit. 

Limestone  is  produced  in  Mahoning  County,  Ohio  and  is  used  for 
concrete  and  road  metal,  for  fluxing  and  for  agricultural  limestone. 
Coal  in  Mahoning  County  is  obtained  primarily  from  strip  mining 
operations  and  is  mined  in  most  of  the  other  counties  in  the  Beaver 
River  Basin  by  either  strip  or  auger  methods. 

Industry  in  the  Beaver  River  Bas.n  centers  around  the  produc- 
tion of  steel  and  the  fabrication  and  Finishing  of  steel  products. 

In  the  Mahoning  River  subbasin,  major  components  of  the  industry 
are  located  in  the  Youngstown  to  Karren  reach.  The  primary  steel 
industry  and  fabrication  of  steel  products  is  important  to  all  of  the 
principal  communities  located  in  the  Shenango  River  subbasin  and  on 
the  Beaver  River  main  stem. 

Listed  in  Table  3 are  some  of  the  principal  cities  and  their 
populations  from  1910  to  the  present  time. 
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Ill  WATER  RESOURCES 


Surface  Water  Resources 


Quantity 

Surface  flows  in  the  Mahoning  River  Basin  are  affected  by 
reservoirs  constructed  on  the  Mahoning  River  and  several  tributary 
streams.  Milton  Reservoir  on  the  Mahoning  River,  constructed  by  the 
city  of  Youngstown  and  local  interests  on  the  Mahoning  River  above 
Warren,  Chio,  began  operation  in  1917-  Berlin  Reservoir,  located  on 
the  Mahoning  River  above  the  Milton  Reservoir,  and  Mosquito  Creek 
Reservoir,  located  on  Mosquito  Creek,  were  constructed  by  the  Corps 
of  Engineers  and  began  operation  in  19^3  and  1944  respectively. 

These  three  reservoirs  are  operated  for  flood  control,  low  flow 
regulation  and  water  supply.  The  Mosquito  Creek  Reservoir  provides 
up  to  16  mgd  to  the  city  of  Warren.  The  Meander  Creek  Reservoir, 
owned  by  the  Mahoning  Valley  Sanitary  District,  is  operated  as  a water 
supply  reservoir.  In  1958,  a pipeline  was  constructed  from  Berlin 
Reservoir  to  Meander  Creek  Reservoir  for  additional  water  supply.  The 
safe  yield  for  the  combined  impoundments  is  64  mgd . There  are  eight 
water  supply  reservoirs  owned  and  operated  by  the  Ohio  Water  Service 
Company,  a private  utility  serving  both  industry  and  municipalities  in 
a twelve-mile  stretch  of  the  Mahoning  River  above  the  Ohio- Pennsylvania 
boundary  line.  The  881*6  yield  of  these  impoundments  is  27  mgd.  In 
the  upper  Mahoning  River  Basin,  Alliance,  Ohio,  has  two  reservoirs  for 
water  supply  with  a safe  yield  of  6 mgd.  In  addition  to  the  reservoirs 
described  above.  West  Branch  Reservoir  on  West  Branch  Mahoning  River 
is  under  construction  by  the  Corps  of  Engineers,  and  will  be  operated 
for  flood  control  and  low  flow  regulation.  Newport  Lake  on  Mill  Creek 
in  Mahoning  County  is  operated  as  a recreation  lake. 

In  the  Shenango  River  subbasin  the  Pymatunlng  Reservoir  is 
located  on  the  Chio- Pennsylvania  State  line  on  the  Shenango  River.  It 
was  constructed  by  the  State  of  Pennsylvania  primarily  for  recreation 
and  is  operated  for  flood  control  and  low  flow  regulation  of  the 
Shenango  and  Beaver  Rivers.  The  Shenango  Reservoir,  now  under  construc- 
tion by  the  Corps  of  Ehgineers,  is  located  below  the  Pymatunlng 
Reservoir  above  Sharon,  Pennsylvania,  on  the  Shenango  River  and  will  be 
operated  for  flood  control  and  low  flow  regulation.  Table  4 shows 
pertinent  data  regarding  these  impoundments . 
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Although  much  of  the  basin  is  glaciated,  sustained  flows  are 
relatively  low,  indicating  a rather  limited  potential  for  ground  water 
development  basinvide,  although  in  some  areas  the  glacial  drift 
includes  some  prolific  aquifers. 

In  Table  5 are  shown  stream  data  excerpted  from  data  prepared 
by  the  Corps  of  Engineers .1/ 

Quality 

Surface  waters  in  the  basin,  in  their  natural  state,  are 
primarily  hard  waters  of  the  calcium  magnesium  bicarbonate  or  calcium 
magnesium  sulfate  type  ranging  from  100  to  200  mg/l.  In  addition  to 
natural  variations,  changes  in  quality  are  often  the  result  of  domestic 
and  industrial  wastes,  especially  in  the  reach  of  the  Mahoning  River 
below  Warren,  Ohio.  At  Lowellville  near  the  Ohio- Pennsylvania  border, 
ammonia  (Nit,.)  from  October  1956  to  June  i960  averaged  3 to  4 mg/l  with 
a maximum  of  12  mg/l.  The  water  most  of  the  time  is  slightly  acid 
and  has  undesirable  concentrations  of  iron  which  at  times  are  over 
10  mg/l.  Phenol  concentrations  often  were  objectionable.  Thermal 
pollution  is  also  extreme  with  temperatures  in  the  stream  exceeding  93°F 
during  the  warmer  months. 

Ground  Water  Resources 


Quantity 

Ground  water  resources  have  been  reported  by  the  U.  S.  Geological 
Survey2/  and  the  following  discussion  has  been  condensed  from  their 
report. 


Most  of  the  area  drained  by  the  Beaver  River  is  underlain  by 
glacial  deposits  ranging  in  thickness  from  a few  feet  to  350  feet  or 
more.  Over  most  of  the  glaciated  areas,  outside  of  river  valleys, 
glacial  sediment  consists  of  sand,  gravel,  and  boulders  in  a matrix  of 
clay.  This  material  for  the  most  part  has  low  permeability,  although  in 
a few  localities  small  lenses  of  permeable  sand  and  gravel  are  interbeddec 
with  till  and  yield  moderate  supplies  of  water  of  less  than  100  gpm  to 
individual  wells.  Due  to  their  irregular  distribution  and  composition, 
their  yield  of  water  may  vary  from  place  to  place,  being  greatest  where 
coarser  and  thicker. 

Long  reaches  of  major  stream  valleys  are  filled  with  glacial  out- 
wash.  The  outwash  is  composed  generally  of  fine  sand  and  has  not 


if  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 

2/  Ground-Water  Distribution  and  Potential  in  the  Chio  River  Basin, 
~ Appendix  E,  Chio  River  Basin  Comprehensive  Survey. 
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been  favorable  for  large  scale  development.  In  a few  places  rather 
thick  beds  of  permeable  gravel  exist  and  serves  as  a source  of  water 
yielding  up  to  600  gpm  to  individual  wells.  A detailed  ground  water 
investigation  of  the  Beaver  River  Basin  should  precede  any  planning 
for  greater  utilization  of  the  basin's  water  resources  by  large  scale 
developments . 

Bedrock  formations  consist  of  Paleozoic  sedimentary  rocks 
consisting  largely  of  sandstones  and  shales  that  dip  very  gradually 
toward  the  south.  The  most  favorable  area  for  potential  development 
of  water  supplies  from  bedrock  formation  occurs  in  the  northern  part 
of  the  basin,  where  yields  to  individual  wells  of  from  100  to  200  gpm 
can  be  anticipated. 

Quality 

Little  or  no  data  regarding  chemical  analyses  of  water  frcm 
unconsolidated  glacial  deposits  are  available,  but  chemical  character- 
istics of  ground  water  in  this  basin  probably  are  similar  to  those  of 
adjacent  basins.  The  water  is  probably  hard  and  high  in  dissolved 
solids.  Hardness  is  probably  of  the  calcium  magnesium  bicarbonate 
type  ranging  frcm  100  to  400  mg/l  and  total  dissolved  solid  content 
ranging  from  200  to  600  mg/l.  Iron  is  probably  present  in  undesirable 
quantities  exceeding  the  0.3  mg/l  suggested  by  the  Public  Health 
Service  Drinking  Water  Standards. 

While  most  water  supplies  derived  frcm  the  glacial  drift  are 
not  suitable  for  drinking  water  in  their  natural  state,  they  can  be 
upgraded  in  quality  by  camaon  treatment  processes.  Elsewhere  in  the 
northern  part  of  the  Ohio  River  Basin  and  throughout  glaciated  areas 
of  the  United  States,  the  glacial  drift  is  probably  the  most  important 
source  of  ground  water. 

Water  frcm  bedrock  formations  is  generally  hard,  ranging  frcm 
80  to  200  mg/l,  with  dissolved  solids  ranging  frcm  200  to  700  mg/l. 
Iron  is  usually  present  in  undesirable  quantities  ranging  upward  to 
about  3 mg/l,  but  also  may  be  readily  treated. 
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IV  THE  ECONOMY 


The  Beaver  subarea  of  the  Projective  Economic  Study  is 
generally  coextensive  with  the  watershed  of  the  Beaver  River  with  the 
exception  of  its  extreme  lower  reaches.  Two  counties,  Trumbull  and 
Mahoning,  of  this  five-county  area  lie  in  Ohio  and  are  designated  a 
Standard  Metropolitan  Statistical  Area.  The  remaining  three  counties 
lie  in  Pennsylvania  and  are  within  the  area  designated  as  Appalachia. 

The  counties  in  the  subarea  are  listed  in  Tables  6 and  7 and  are 
shown  on  Figure  3-1,  page  3-29* 

Economic  Profile 

The  Beaver  subarea  is  a heavily  industrialized  area  with  a 
i960  population  of  864,100,  59  percent  of  which  resided  in  the  two 
Ohio  counties,  Trumbull  and  Mahoning.  Per  capita  personal  income 
averaged  $1,906  in  these  counties  as  compared  with  $1,957  for  the 
State  of  Ohio  and  $1,721  in  the  remaining  counties  as  compared  to 
$1,855  for  the  State  of  Pennsylvania. 

Forty-four  percent  of  total  employment  was  in  manufacturing 
in  i960.  The  most  important  industries  are  primary  metals,  machinery 
(including  electrical  machinery),  fabricated  metals,  and  other  durables. 
Between  1958  and  1964,  establishments  hiring  100  workers  or  over 
increased  from  97  to  120,  with  Trumbull  and  Mahoning  Counties  accounting 
for  12  of  the  23  additional  establishments. 

Ten  thermal  power  generating  plants  are  located  in  the  subarea 
with  a total  installed  capacity  of  767-1  megawatts.  Location  of  the 
plants  is  described  in  Section  VI,  Hater  Quality  Control. 

Agricultural  employment  has  declined  4.8  percent  per  annum 
from  1950  to  i960.  The  total  value  of  farm  products  sold  in  1959 
amounted  to  $43,000,000  or  $3,000,000  more  than  in  1954.  The  number 
of  acres  irrigated  decreased  during  the  above  years  from  500  acres 
to  250  acres. 

Bituminous  coal  and  crude  oil  extraction  are  the  most  signifi- 
cant categories  in  mining  in  the  area.  In  i960,  4.6  million  tons  of 
coal  were  mined  in  the  subarea,  of  which  0.9  million  tons  of  coal 
were  mined  in  Mahoning  County,  Ohio,  with  the  remainder  mined  in  the 
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Pennsylvania  counties.  Crude  oil  production  in  the  Pennsylvania 
counties  amounted  to  166,000  barrels  representing  2.8  percent  of  the 
total  State  production. 

Projected  Population  and  Industrial  Activity 

Population,  as  shown  in  Table  6,  is  expected  to  increase  from 
864,100  in  i960  to  1.4  million  by  2020.  Whereas  the  population  in 
the  subarea  amounted  to  4.6  percent  of  the  total  population  in  the 
Ohio  River  Basin  in  i960,  it  is  projected  to  contain  4 percent  of  the 
Ohio  River  Basin  by  2020. 

Agricultural  output  is  projected  to  decrease  from  $65.4  million 
in  i960  to  $55.6  million  by  1980  and  then  increase  to  $6l.8  million 
by  2000.  Manufacturing  output  is  projected  to  increase  from  $3 >196 
million  in  i960  to  $7,872  million  by  2000. 

Table  7 shows  i960  manufacturing  output  total  employment  and 
manufacturing  employment.  Projections  to  I98O,  2000,  and  2020  for 
the  subarea  are  shown  as  indices  using  i960  as  the  base. 

In  addition  to  the  counties  included  in  the  Beaver  subarea  in 
the  Projective  Economic  Study,  eight  other  counties  have  land  area 
within  the  basin.  These  counties  are  listed  in  Table  8. 
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WATER  REQUIREMENT S-MUNIC IPAL  AND  INDUSTRIAL 


Present  and  Projected  Water  Use 


There  are  48  central  water  supply  systems  in  the  Beaver  River 
Basin  serving  a population  of  720,000.  The  average  daily  municipal 
water  use  is  84  mgd  amounting  to  117  gallons  per  capita  daily 
use.  The  present  (i960)  municipal  and  industrial  water  use  in  the 
basin  is  listed  by  county  and  totaled  for  the  basin  in  Table  9. 

In  the  basin,  about  88  percent  of  the  water  used  for  municipal 
supplies  is  from  surface  sources.  The  Mahoning  Valley  Sanitary 
District  in  Ohio  utilizes  surface  water  from  Meander  Creek  and  Berlin 
Reservoirs,  which  together  have  a safe  yield  of  64  mgd.  The  district 
serves  the  communities  of  Youngstown,  McDonald,  Niles,  Girard  and  Canfield 
and  three  Mahoning  County  sanitary  districts  located  along  the  Mahoning 
River.  These  communities  use  an  average  of  31  mgd  and  account  for  over 
40  percent  of  the  total  municipal  water  use  fron  surface  sources  in  the 
basin. 


Another  large  municipal  supply  in  the  Mahoning  River  Basin  is 
for  Warren,  Ohio,  serving  a population  of  70,000  with  an  average  of 
9 mgd  from  Mosquito  Creek  Reservoir  which  has  a safe  yield  of  16  mgd. 

In  Pennsylvania,  major  withdrawals  are  made  by  Butler  from 
Connoquenessing  Creek  and  Allegheny  River,  by  Ellwood  City  from 
Slippery  Rock  Creek,  by  New  Castle  and  Sharon  from  the  Shenango  River 
and  Beaver  Falls  from  the  Beaver  River. 

In  other  areas  in  the  basin  not  included  in  the  boundaries  of 
the  Beaver  River  subarea  of  the  Projective  Economic  Study,  the 
largest  municipal  water  use  is  at  Alliance,  Ohio,  utilizing  both 
ground  water  from  wells  and  surface  water  from  the  city  owned  Deer 
Creek  and  Westville  Reservoirs. 

Practically  all  of  the  smaller  communities  in  the  basin  use 
ground  water  sources. 

Industrial  water  use  is  concentrated  largely  in  the  Mahoning 
River  subbasin,  where  the  industries  in  Mahoning  and  Trumbull 
Counties  in  Ohio  account  for  over  86  percent  of  the  industrial  water 
use  in  the  Beaver  River  Basin. 
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Based  on  projected  population  increase  and  projected  industrial 
activity,  water  use  is  estimated  to  increase  in  the  Beaver  River  as 
shown  in  Table  10.  It  is  estimated  that  total  municipal  and  indus- 
trial water  requirements  will  increase  2.5  times  by  2020.  The  major 
increases  will  probably  occur  in  or  about  present  centers  of  popu- 
lation and  industrial  activity  in  the  Youngstown-Warren  area  in 
Ohio  and  in  the  Butler,  Sharon,  New  Castle  and  Beaver  Falls  areas 
in  Pennsylvania. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5,  and  availability 
of  ground  water  as  reported  by  the  U.  S.  Geological  Surveyi/were 
used  to  arrive  at  a judgnent  as  to  need  of  future  development  of  sources 
of  water  supply.  Shown  in  Table  11  are  the  major  problem  areas  with 
the  approximate  time  of  onset. 

TABLE  11 

BEAVER  RIVER  BASIN 
Water  Supply  Problem  Areas 


Minor  Area 


Mahoning  Valley  D 

San. Dist., Ohio 

Warren , Ohio  D 

Youngstown,  Ohio  D 

Alliance,  Ohio  F-3 


In  subarea  D,  total  water  use  is  projected  to  increase  to 
1,289  mgd  by  1980,  to  1,775  mgd  by  2000  and  about  2,600  mgd  by  2020. 
About  93  percent  of  the  projected  water  use  will  be  for  industrial 
purposes.  Projections  of  industrial  usage  are  based  on  present 
water  use,  assuming  continuation  of  present  industrial  water  use  prac- 
tices. About  95  percent  of  the  industrial  water  is  used  for  cboling 
in  the  reach  of  the  Mahoning  River  between  Lowellville  and  Warren. 


Present 


1980 


2000 


2020 


X 

X 

X 


g 


fhe  average  annual  flow  of  the  Mahoning  River  is  less  than  the 
industrial  use  in  the  area;  therefore,  reuse  of  streamflow  is 
very  high  during  periods  of  lower  flows.  If  industrial  cooling 
practices  would  be  changed  and  off-stream  cooling  facilities 
were  utilized,  the  requirements  for  industrial  water  in  the 
•f'uture  would,  be  drastically  reduced  from  projected  figures. 

Municipal  water  use  is  projected  to  increase  to  89  mgd  in 
1980,  125  mgd  in  2000,  and  183  mgd  in  2020.  In  the  lower  Mahoning 
River  subbasin,  below  Warren,  because  of  surface  water  impairment 
resulting  from  both  municipal  and  industrial  sources  of  pollution, 
municipal  water  supplies  are  no  longer  taken  from  the  stream. 

Municipal  water  supplies  for  the  communities  along  this  reach  of 
stream  are  principally  taken  from  upland  reservoirs.  The  Youngstown- 
Niles  area,  served  by  the  Mahoning  Valley  Sanitary  District,  obtains 
its  water  supplies  fran  a reservoir  on  Meander  Creek  supplemented 
by  a pipeline  fran  Berlin  Reservoir.  The  city  of  Warren  takes  its 
water  supply  from  Mosquito  Creek  Reservoir.  By  1980  it  is  estimated 
that  additional  sources  of  water  supplies  will  have  to  be  developed, 
in  order  to  meet  the  peak  needs  in  the  Warren-Niles-Youngstown  area. 
Possible  reservoir  sites  in  the  area  are  limited  since  the  major 
sites  have  already  been  developed.  A reservoir  on  the  Grand  River 
(which  drains  to  Lake  Erie)  could  supply  water  to  the  northern 
communities  in  the  basin,  and  a divide  reservoir  on  the  Middle  Fork 
of  Little  Beaver  Creek  could  supply  water  for  the  southern  communities. 
Other  sites  for  reservoirs  are  on  the  upper  reaches  of  Pymatuning  Creek, 
Yankee  Creek,  Mill  Creek  and  Eagle  Creek. 

Alliance,  presently  using  both  surface  and  ground  water  sources, 
will  probably  need  to  develop  additional  sources  by  1980.  Indications 
are  that  intermediate  yielding  sources  of  ground  water  exist  in  the 
bedrock  and  glacial  outwash  in  the  tributary  valleys  but  may  have  to 
be  supplemented  by  surface  water  development  if  large  supplies  are 
needed.  Surface  water  in  this  headwaters  area,  must  be  provided 
by  construction  of  additional  impoundments  or  by  reallocation  of 
storage  in  Federal  multipurpose  reservoirs. 

In  the  portion  of  the  basin  drained  by  the  Shenango  River  and 
its  tributaries  and  in  the  Slippery  Rock  Creek  drainage  area,  raw 
water  for  municipal  supply  is  taken  fran  surface  sources  which 
appear  to  be  adequate  to  meet  projected  needs  to  2020,  provided 
quality  of  the  water  is  preserved.  In  the  lower  Beaver  River,  the 
Beaver  Falls  Municipal  Authority  obtains  its  water  supply  from  the 
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Beaver  River.  While  there  is  no  problem  now  or  in  the  foreseeable' 
future  as  far  as  quantity  of  water  is  concerned,  the  quality  of  the 
water,  due  to  waste  loads  discharged  into  the  Mahoning  River,  is  such 
that  severe  wate'  reatment  problems  have  been  encountered.  Alternate 
sources  of  supply  could  probably  be  developed  in  upland  reservoirs 
and  possibly  by  recharge  from  unconsolidated  glacial  and  alluvial 
deposits  in  the  river  valley. 

Undoubtedly  there  are  smaller  communities  which  will  have 
water  problems,  but  it  is  beyond  the  scope  of  this  report  to  define 
each  problem  area  in  detail. 


i 

I 
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VI  WATER  QUALITY  CONTROL 


Present  and.  Projected  Waste  Loads 

Present  raw  waste  loads  generated  are  shown  in  Table  12. 
About  85  percent  of  the  total  organic  waste  load  generated  in  the 
basin  are  accounted  for  in  area  designation  D.  Mahoning  and 
Trumbull  Counties,  Ohio  account  for  65  percent  of  the  raw  wastes 
generated  in  area  designation  D.  The  Warren-Youngstovn  reach 
of  the  Mahoning  River  is  a major  water  quality  problem  area  in  the 
Beaver  River  Basin. 

Major  discharges  to  streams  in  Pennsylvania  are  from 
Butler  on  Connoquenessing  Creek,  Sharon  and  New  Castle  on  the 
Shenango  River  and  Beaver  Falls-New  Brighton  on  the  Beaver 
River . 


Shown  in  Table  13  are  the  base  and  projected  waste  loads 
generated  for  the  basin.  Waste  loads  generated  are  projected  to 
more  than  double  by  2020. 

Water  Quality  Control  Problems 

Table  14  lists  the  present  and  projected  water  quality  control 
problem  areas  after  secondary  treatment  or  equivalent  reduction  of 
organic  wastes  is  provided. 


TABLE  14 


BEAVER  RIVER  BASIN 

Present  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 


Vicinity 


Economic  Approximate  Beginning  Date 
Area  Present  1980  2600  202 <5~ 


Mahoning  River 

ff  It 

tl  »? 

Connoquennessing 

Creek 


Alliance,  0. 
Warren,  0. 
Youngstown,  0. 
Butler,  Pa. 


F-3 

D 

D 

D 


X 

X 

X 
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The  major  water  quality  control  problem  in  the  basin  is  in 
the  Mahoning  River  in  the  Warren  to  Youngstown  reach.  In  the  area 
draining  to  this  stream,  population  expansion  and  industrial  growth 
has  far  exceeded  the  capacity  of  the  stream  to  assimilate  residual 
organic  waste  loads  and  dissipate  heat  loads.  The  low  flow  in  the 
stream  at  Youngstown  prior  to  construction  of  reservoirs  to  augment 
streamflows  was  in  the  order  of  10  to  20  cfs.  River  temperatures  at 
Youngstown  reached  as  high  as  130°F  in  the  summer  when  streamflows 
were  less  than  40  cfs.  Flow  regulation  provided  by  Berlin  and 
Mosquito  Creek  Reservoirs  for  the  purpose  of  controlling  temperatures 
for  industrial  water  supply  use  prevented  such  extremely  high 
temperatures,  although  it  is  estimated  that  water  temperatures  may 
still  rise  to  about  112°F  for  periods  up  to  a week  in  duration  in 
the  summer  season  if  steel  mills  are  operating  at  about  85  percent 
of  capacity.  In  addition  to  heat  from  industrial  process  cooling, 
there  are  major  thermal  power  generating  plants  in  the  subbasin. 

Plants  with  capacities  of  250  megawatts,  87.4  megawatts,  53-5 
megawatts,  45  megawatts  and  two  plants  with  a total  capacity  of  16.4 
megawatts  are  located  in  the  Warren  to  Youngstown  reach  and  use 
surface  water  for  cooling.  Heat  in  cooling  water  discharged  to  the 
Mahoning  River  may  be  considered  a pollutant  since  the  ability  of 
water  to  retain  dissolved  oxygen  is  related  to  the  temperature  of 
the  water.  In  addition  to  reducing  the  dissolved  oxygen  available  to 
assimilate  residual  wastes,  the  rate  at  which  biochemical  oxidation 
takes  place  is  increased.  Construction  of  the  aforementioned 
reservoirs  has  resulted  in  increased  minimum  flows  so  that  in  the 
summer  470  cfs  is  available.  With  the  addition  of  flows  from  West 
Branch  Reservoir  now  under  construction,  minimum  flows  will  be  about 
515  cfs.  Assuming  secondary  treatment  or  equivalent  reduction  of  organic 
wastes  by  both  industry  and  municipalities  and  reduction  of  heat  discharged 
by  industry  and  thermal  power  generating  plants  to  maintain  stream 
temperatures  at  a maximum  of  93°F,  these  flows  should  be  sufficient 
at  the  present  to  maintain  satisfactory  conditions  in  the  Mahoning 
River.  However,  by  I98O  flows  will  have  to  be  increased  to  710  cfs, 
by  2000  to  805  cfs , and  by  2020  to  875  cfs  to  maintain  satisfactory 
conditions.  As  additional  storage  is  probably  not  available  above 
Youngstown,  additional  flow  regulation  is  only  a partial  solution  and 
advanced  waste  treatment  methods  will  probably  be  required. 

In  other  areas  in  the  subbasin,  indications  are  that  additional 
flows  are  required  in  the  Mahoning  River  below  Alliance.  Design  flow 
is  about  10  cfs,  but  flows  in  the  order  of  30  cfs  at  the  present  are 
needed,  increasing  to  45  cfs  by  1980,  to  60  cfs  by  2000  and  to  'JO  cfs 
by  2020.  As  Alliance  is  in  the  headwaters  region  of  the  Mahoning  River 
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above  Berlin  Reservoir,  storage  of  water  for  flow  regulation  ray  not 
be  feasible.  A possible  solution  could  be  to  divert  effluent  flows 
around  the  reservoir  and  discharge  to  the  stream  below  the  dam. 

In  the  Shenango  River  subbasin,  flows  of  200  cfs  are  released 
from  Pymatuning  Reservoir.  With  the  completion  of  the  Shenango 
Reservoir,  flows  released  from  the  two  reservoirs  will  total  in  the 
order  of  300  cfs  at  Sharon  and  should  be  sufficient  to  maintain 
satisfactory  stream  conditions  in  the  Shenango  River  at  Sharon, 
Pennsylvania,  and  downstream  points  and  in  the  Beaver  River. 


The  major  source  of  organic  waste  load  discharges  in 
Connoquenessing  Creek  is  in  the  headwaters  area  at  Butler,  Pennsylvania, 
where  design  flow  is  less  than  10  cfs.  Flows  in  the  order  of  50  cfs  are 
required  at  present,  increasing  to  about  70  cfs  by  2020. 

Major  source  of  heat  discharge  from  a thermal  power  generating 
plant  in  the  Shenango  River  subbasin  is  at  New  Castle,  Pennsylvania, 
where  a plant  with  a capacity  of  293*0  megawatts  uses  surface  water 
for  cooling  purposes.  There  is  one  small  plant  located  at  Farrell 
with  a capacity  of  7.5  megawatts. 

In  the  Beaver  River  main  stem  drainage  area,  one  plant  with  a 
capacity  of  6.6  megawatts  is  located  at  Ellwood  City  and  one  plant 
with  a capacity  of  7.7  megawatts  is  located  at  Grove  City  on  Wolf 
Creek. 


Aside  from  the  organic  waste  loads  from  both  municipal  and 
industrial  sources  in  the  Mahoning  River  Basin  and  also  in  the  Beaver 
River  Basin,  many  industries  release  waste  water  containing  toxic 
metals,  iron,  manganese,  acids,  oils,  etc.,  the  concentrations  of  which 
are  not  expressable  in  terms  of  population  equivalents  as  are  organic 
wastes.  This  type  of  waste  results  from  processing  operations  at 
steel  mills,  plating  works,  blast  furnace  installations  and  same 
metal  fabricating  establishments. 

Mine  drainage  problems  occur  in  a number  of  streams  in  the 
basin,  notably  Slippery  Rock  Creek  and  Connoquenessing  Creek  in 
Pennsylvania,  the  upper  reaches  of  the  Mahoning  River  and  tributaries 
near  Alliance,  Ohio,  and  Mill  Creek  a tributary  to  the  Mahoning  River 
in  the  lower  portion  of  the  subbasin  in  Ohio. 
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TABLE  1 

BEAVER  RIVER  BASIN 
Counties  in  Basin 


State 

County 

Pennsylvania 

Allegheny 

Ohio 

Ashtabula 

Pennsylvania 

Beaver 

" * 

Butler 

Ohio 

Columbiana 

Pennsylvania 

Crawford 

» * 

Lawrence 

Ohio  * 

Mahoning 

Pennsylvania  * 

Mercer 

Ohio 

Portage 

It 

Stark 

" * 

Trumbull 

Pennsylvania 

Venango 

Percent  of  Land  Area  in  Basin 

1.5 

16.2 

27-7 

70.7 

7.2 
15.0 
89.6 
82.2 

84.2 

54.5 

12.2 

76.6 

2.2 


♦Counties  considered  in  economic  projections  of 
Beaver  River  Basin. 
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TABLE  2 


BEAVER  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
Sq.  Miles 

Length  of 
Stream 
(miles) 

Miles  from 
confluence 
with  Ohio  River 

Beaver  River 

3,130 

21 

0 

Connoquenessing  Creek 

830 

50 

12 

Mahoning  River 

1,131 

108 

21 

Shenango  River 

1,080 

60 

21 

I 
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TABLE  4 

BEAVER  RIVER  BASIN 

Reservoirs  - Area  90  Acres  or  Greater 


Perm .Mini.  Storage  (acre-feet) 


Pool  Area 

Max. Flood 

Water 

Maximum 

Name 

Purpose 

(Acres) 

Control 

Supply 

Summer 

Berlin 

F,  A,  W 

240 

55,800 

19,400 

39,000 

Milton 

A 

1,685 

21,600 

Mosquito  Creek 

F,  A,  W 

700 

33,000 

11,000 

71,400 

Meander  Creek 

W 

2,010 

30,675 

West  Branch^/ 

F,  A 

580 

33,200 

56,700 

Deer  Creek 

W 

313 

3,100 

Evans  Lake 

W 

566 

8,497 

Lake  Girard 

w 

185 

2,760 

Liberty  Lake 

w 

99 

595 

Lake  Hamilton 

w 

104 

2,270 

Me Ke Ivey  Lake 

1 y 

w 

125 

3,310 

y 

Pine  Lake 

2/ 

Beaver  Lake 

w 

474 

2,653 

w 

136 

144 

Pymatuning  Lake 

F,  A,  R 

14,650 

194,000 

160,000 

Newport  Lake 

R 

105 

920 

Wastvilla 

u 

Shenango 

w 

90 

F,  A 

1,910 

180,900 

4l,400 

Crooked  Creek^/V 

F,  R 

625 

2,560 

F - Flood  Control 
A - Low  Flow  Augmentation 
W - Water  Supply 
R - Recreation 


y 

2/ 

% 


Straddles  watershed.  Artificially 
drained  north  to  Mahoning  River. 

Top  six  feet  is  artificially  drained 
north  to  the  Mahoning  River. 

Under  construction  - 1966. 

P.L.566  Project. 
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BEAVER  RIVER  BASIN 


TABLE  8 


BEAVER  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


S"CSX6 

County 

Included  in  Economic  : 

Pennsylvania 

Allegheny 

C 

Pittsburgh  SKSA 

Ohio 

Ashtabula 

* 

Pennsylvania 

Beaver 

C 

Pittsburgh  SMSA 

Ohio 

Columbiana 

E-2 

Upper  Ohio 

Pennsylvania 

Crav.-f  ord 

A-l 

Allegheny 

Ohio 

Portage 

* 

ft 

Stark 

F-3 

Muskingum 

Pennsylvania 

Venango 

A-l 

Allegheny 

* - Not  included  in  Projective  Economic  Study  of  Ohio  River  Basin. 
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♦WOT  to  be  interpreted  as  waste  loads  to  the  stream 
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♦NOT  to  be  interpreted,  as  waste  loads  to  the  stream 
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I SUMMARY 


Municipal  and  Industrial  Water  Supply  Problems 

The  largest  municipal  water  use  occurs  at  Canton,  Ohio,  in  the 
Tuscarawas  River  subbasin,  at  Newark,  Ohio,  in  the  Licking  River 
subbasin  a nl  at  Mansfield  in  the  Walbonding  River  subbasin.  Major 
industrial  water  use  occurs  in  or  about  these  major  centers  of  popu- 
lation. 

Projected  needs  at  Canton  starting  in  19&0  can  probably  be  met 
from  underground  sources  while  Mansfield  by  1980  should  be  looking  to 
develop  additional  surface  storage.  Newark,  presently  using  ground 
and  surface  sources  which  are  only  sufficient  to  meet  present  peak 
demands,  is  looking  to  abandonment  of  ground  sources  in  favor  of 
a new  surface  source. 

Other  communities  that  appear  to  be  approaching  safe  limits  of 
current  supply  facilities  at  the  present  are  South  Zanesville,  Mount 
Vernon,  Orrville  and  Wadsworth  where  ground  water  appears  to  be 
available  in  sufficient  quantities  to  meet  projected  needs. 

By  198O,  Granville,  Zanesville,  Coshocton,  Loudonville,  Rittman, 
Wooster,  Carrollton,  Barberton  and  Heath  presently  using  ground  sources, 
and  Ashland  using  combined  ground  and  surface  sources,  can  probably 
meet  projected  needs  by  expansion  of  ground  water  facilities.  Also 
by  1980,  Shelby  will  need  to  expand  surface  storage  facilities  to  meet 
projected  needs.  Shelby,  also  has  a possibility  of  a ground  supply 
from  bedrock  located  beneath  the  glacial  drift.  This  source  of  supply 
should  be  explored. 

Other  communities  that  probably  will  encounter  problems  by  2000 
are  Millersburg,  Louisville,  Massillon,  Minerva  and  North  Canton. 

Water  Quality  Control  Problems 

Major  quality  control  problems  in  the  basin  occur  in  Nimishillen 
Creek  below  Canton  and  in  the  Rocky  Fork  of  the  Black  Fork  of  the 
Mohican  River  below  Mansfield  where,  even  with  secondary  treatment  of 
organic  wastes,  present  critical  low  summer  flows  in  these  streams 
are  not  sufficient  to  assimilate  residual  organic  wastes  discharged  to 
the  stream  without  degradation  of  water  quality. 
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Even  assuming  secondary  treatment,  stream  conditions  would 
be  unsatisfactory  because  of  small  flows  in  headwater  areas  at  the 
present  in  the  Tuscarawas  River  below  Barberton,  Licking  River  below 
Newark,  River  Styx  below  Wadsworth  and  Rittman,  Little  Chippewa  Creek 
below  Orrville,  Wills  Creek  below  Cambridge,  Stillwater  Creek  below 
Dennison-Uhrichsville , Black  Fork  of  the  Mohican  River  below  Shelby, 
Killbuck  Creek  below  Wooster,  and  Jerome  Fork  below  Ashland.  However, 
Wills  Creek  below  Cambridge  can  be  improved  by  releases  from  Salt 
Fork  Reservoir  when  it  is  completed  by  the  Stat*. 


In  addition  to  problems  in  the  stream  resulting  from  residual 
organic  wastes,  a problem  in  the  basin  is  the  discharge  of  chlorides 
from  industrial  processes  which  adversely  affect  the  entire  length 
of  the  Tuscarawas  and  Muskingum  Rivers. 
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II  DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 

The  Muskingum  River  Basin  lies  in  the  eastern  part  and  entirely 
within  the  State  of  Ohio.  It  is  bounded  by  the  Scioto  River  drainage 
on  the  west,  Lake  Erie  drainage  area  on  the  north,  and  the  Ohio  River, 
direct  and  minor  tributary  drainage,  on  the  east  and  south.  The 
Muskingum  River  is  formed  by  the  junction  of  the  two  principal  tribu- 
taries , the  Tuscarawas  and  Walhonding  Rivers  at  Coshocton  near  the 
center  of  the  basin.  The  tributaries  of  the  Tuscarawas  River  rise 
near  Barberton  and  the  Walhonding  River  tributaries  rise  near  Ashland 
in  northern  Ohio.  The  Muskingum  flows  south  for  about  110  miles  where 
it  enters  the  Ohio  River  at  Marietta,  Ohio,  172  river  miles  below 
Pittsburgh,  Pennsylvania.  The  total  drainage  area  of  the  basin  is 
8,040  square  miles  comprising  almost  20  percent  of  the  land  area  of 
the  State  and  covering  all  or  part  of  the  27  counties  listed  in  Table  1. 
The  basin  is  roughly  rectangular  in  shape,  about  120  miles  long  in 
the  north-south  direction,  and  about  100  miles  wide  in  the  east-west 
direction.  The  basin  extends  north  beyond  Barberton,  west  beyond 
Mansfield  and  east  beyond  Canton  (See  Figure  4-l). 

The  main  tributaries  comprising  the  Muskingum  River  system  are 
shown  in  Table  2. 

Physical  Features 

The  Muskingum  River  Basin  is  entirely  within  the  Allegheny 
Plateau  province.  Portions  of  the  basin  were  overrun  by  both  Illinois 
and  Wisconsin  glaciation  which  covered  the  northern  and  western  parts 
of  the  basin.  The  line  of  glaciation  generally  trends  east  to  west 
from  Canton  to  Loudonville,  and  thence  almost  directly  south  leaving 
the  basin  in  Perry  County.  The  parts  of  the  basin  that  have  been 
glaciated  are  characterized  by  gently  rolling  to  flat  topography.  The 
unglaciated  plateau  is  generally  rough  and  well  dissected.  Broad 
valleys  with  prominent  flood  plains  and  terraces  characterize  the  larger 
streams  in  the  unglaciated  area.  The  glaciers  changed  the  drainage  of 
every  major  stream  in  the  basin  and  outwarh  materials  filled  major 
stream  valleys  many  miles  past  the  ice  fronts.  The  glacial  deposits 
vary  from  thin  and  relatively  impermeable  till  to  thick  permeable  sand 
and  gravel  beds 
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There  are  no  natural  lakes  in  the  basin.  There  are  14  major 
artificial  reservoirs  in  the  basin,  10  of  which  have  conservation 
pools.  The  14  reservoirs  are  flood  control  reservoirs,  located  in 
the  Muskingum  Watershed  Conservancy  District  (MV, ’CD)  and  were  originally 
authorized  for  construction  by  the  Public  Works  Administration  on 
20  February  1934,  under  the  provisions  of  the  National  Industrial 
Recovery  Act,  in  cooperation  with  the  Muskingum  Watershed  Conservancy 
District  of  Ohio.  The  Flood  Control  Act  of  2b  June  1936  authorized 
reimbursement  to  the  Conservancy  District  for  actual  expenditures 
made  in  acquiring  lands,  easements  and  rights-of-way  for  the  reservoirs. 
The  Flood  Control  Act  of  11  August  1939  authorized  inclusion  of  the 
reservoirs  in  the  comprehensive  flood  control  plan  for  the  Ohio  River 
Basin .1/  The  recreation  and  flood  control  facilities  of  the  reservoirs 
are  operated  by  the  Muskingum  Watershed  Conservancy  District  and  the 
Corps  of  Engineers  respectively.  A number  of  other  impoundments  in 
the  basin,  have  been  constructed  for  recreation  purposes.  Several 
other  reservoirs  were  constructed  in  conjunction  with  the  Ohio  and 
Erie  Canal.  This  canal,  now  abandoned,  traversed  the  basin  along 
the  Licking  River  and  then  followed  the  Muskingum  River  north  from 
Dresden  to  Coshocton  and  along  the  Tuscarawas  River  to  Akron. 

Climate 


The  average  annual  precipitation  in  the  basin  varies  from 
approximately  36  inches  in  the  northern  portion  to  approximately  4l 
inches  in  the  southern  portion. 

Average  minimum  temperatures  range  frcm  approximately  28°F  in 
January  in  the  northern  part  to  32°F  in  the  southern  part.  Average 
maximum  temperatures  range  from  approximately  72°F  in  July  in  the 
northern  part  to  approximately  74°F  in  the  southern  part. 

The  frost-free  period  varies  frcm  about  l80  days  in  the  southern 
portion  of  the  basin  to  150  days  in  the  northern  portion. 

Principal  Ccmmunities  and  Industries 

Listed  in  Table  3 axe  some  of  the  principal  cities  and  their 
populations  from  1910  to  i960. 

Agriculture  maintains  an  important  position  in  the  economy  of 
the  basin.  Livestock  raising,  the  dairy  industry,  and  crop  raising 
are  the  principal  components  of  the  agriculture  industry. 

Coal  mining  is  important  to  the  economy  of  the  basin  and  crude 
oil  production  occurs  throughout  the  basin.  Salt  and  clay  are  mined 
in  significant  quantities  in  the  northern  portion  of  the  basin. 

\J  Corps  ot  Engineers,  Huntington  District  - Data  Sheets-Authorized 
Projects  - Volume  2,  June  30,  1964. 
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Industry  in  the  Canton-Massillon  area  consists  of  primary  metal 
production,  roller  bearings,  meat  packing,  engines,  fabricated  metals, 
rubber  products,  and  vacuum  cleaners.  Mansfield  industry  produces 
primary  metals,  auto  bodies,  household  laundry  equipment,  valves  and 
steel  pipe,  heating  equipment  and  automatic  temperature  controls. 

Newark  manufacturing  produces  glassware,  fiberglas  products,  meat 
products,  automobile  parts,  household  appliances  and  aluminum  products. 
Zanesville  industry  produces  meat  products,  glass  containers,  cement 
and  tile,  and  electrical  power  and  transmission  line  specialties. 
Barberton  industry  produces  milk  products,  rubber  products,  alkalies 
and  chlorine,  and  electrical  supplies.  Ashland  industry  produces 
rubber  products,  castings,  pumps,  and  motor  vehicles.  Wooster  industry 
produces  paperboard,  rubber  products,  bearings,  truck  and  bus  bodies, 
castings,  and  sheet  metal  fabricated  products.  A major  industry  in 
Cambridge  is  the  manufacture  of  cash  registers.  Construction 
equipment,  clay  products,  plastics,  flat  glass  and  metal  products  are 
produced  in  other  communities  of  the  basin. 


Ill  WATER  RESOURCES 


Surface  Water  Resources 
Quantity 

Surface  flows  in  the  basin  have  been  influenced  since  1938 
by  fourteen  reservoirs  in  the  Muskingum  Watershed  Conservancy 
District.  The  fourteen  reservoirs  are  operated  for  flood  control 
by  the  Corps  of  Engineers,  although  conservation  pools  are  maintained 
in  ten  reservoirs  primarily  for  recreation  and  wildlife  purposes. 

The  recreational  activities  of  the  reservoirs  are  operated  by  the 
Muskingum  Watershed  Conservancy  District.  In  the  lower  basin  on  the 
Licking  River,  Dillon  Reservoir,  constructed  by  the  Corps  of  Engineers, 
is  operated  primarily  for  flood  control.  Also  in  the  lower  basin, 

Salt  Fork  Reservoir,  a State  project  that  is  under  construction,  will 
be  operated  primarily  for  water  supply  and  flood  control. 

Impoundments  constructed  for  water  supply  are  Barberton 
Reservoir  serving  the  city  of  Barberton,  Clear  Fork  Reservoir  serving 
the  city  of  Mansfield,  and  Lake  Dorothy  serving  an  industrial  water 
user.  Knox  Lake  is  a state  reservoir  constructed  primarily  for 
recreational  use. 

In  addition  to  the  impoundments  described  above,  there  are 
reservoirs  which  were  constructed  in  the  1830' s to  serve  as  feeder 
lakes  for  the  Ohio  and  Erie  Canal.  This  canal,  now  abandoned,  con- 
nected the  Ohio  River  with  Lake  Erie.  Starting  near  Portsmouth,  Ohio, 
the  canal  followed  the  Scioto  River  to  the  southern  boundary  of 
Franklin  County,  then  turned  north-east  paralleling  Little  Walnut 
Creek  and  crossed  the  divide  into  the  Muskingum  River  Basin.  In  the 
basin,  it  followed  generally  the  Licking,  Muskingum  and  Tuscarawas 
Rivers  to  the  divide  near  Akron  and  then  followed  the  Cuyahoga  River 
to  Lake  Erie.  Buckeye  Lake  in  the  southern  portion  of  the  basin,  one 
of  the  feeder  lakes,  is  now  operated  by  the  State  for  recreation. 

The  ten  Portage  Lakes  in  the  northern  part  of  the  basin,  also  feeder 
lakes,  are  now  operated  for  recreation  by  the  State  and  along  with 
Nimisila  Reservoir  constructed  in  1942,  serve  as  a source  of  water 
supply  for  industry. 

The  lower  reach  of  the  Muskingum  River  from  Zanesville  south 
to  the  Ohio  River  consists  of  a series  of  slack  water  nagivation 
pools  constructed  during  the  early  l800's  to  serve  as  part  of  the 
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canal  system.  This  system  was  operated  for  scsne  time  by  the  Federal 
government,  but  was  transferred  to  the  State  of  Ohio  by  quit  claim 
deed  in  October  1958  for  rehabilitation  and  use  for  water  supply  and 
recreation* 

Table  4 shows  pertinent  data  regarding  the  aforementioned 
impoundments . 


Generally,  the  streams  in  the  northern  part  of  the  glaciated 
portion  of  the  basin  have  higher  sustained  flows  than  those  in  the 
western  part,  due  to  the  presence  of  relatively  permeable  glacial  valley 
fill  deposits  in  contrast  to  glacial  valley  fill  deposits  interbedded 
with  clay  layers  which  act  as  barriers  to  infiltation  from  the  rivers. 
Tributary  streams  south  and  east  of  the  limit  of  glaciation  have  little 
ground  water  storage  and  low  sustained  flows. 


Table  5 shows  stream  data  excerpted  from  hydrology  dat 
prepared  by  the  Corps  of  Engineers. 
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Quality 


Surface  waters  in  the  basin  are  primarily  hard  water  of  the 
calcium,  magnesium  bicarbonate  or  calcium,  magnesium  sulfate  type 
with  natural  hardness  ranging  from  200  to  300  mg/l  in  the  glaciated 
areas  of  the  basin  and  from  200  to  400  mg/l  in  nonglaciated  areas. 

During  high  flows,  when  a large  part  of  the  water  is  fron  surface 
runoff,  concentrations  of  dissolved  solids  are  less  than  during  low 
flow,  when  the  water  is  largely  from  ground  sources.  In  addition  to 
natural  variations,  changes  in  quality  are  often  the  result  of  acid 
and  iron  wastes  from  industrial  sources  and  mine  drainage,  and  brine 
discharges  from  industry.  Acid  and  iron  waste  from  coal  mines  is 
principally  located  in  the  southeastern  portion  of  the  basin  while  acid 
and  iron  waste  from  industry  enters  the  streams  draining  the  Canton, 
Massillon,  Dover,  Zanesville,  Shelby,  and  Mansfield  areas.  Brine  waste 
discharges  resulting  from  manufacturing  processes  and  salt  mining 
operations  in  the  headwaters  of  the  Tuscarawas  River  in  the  Akron -Barber ton 
area  is  a ma.ior  pollutant  altering  natural  surface  water  quality  throughout 
the  entire  length  of  the  Tuscarawas  and  Muskingum  Rivers.  Chloride  content 
as  high  as  1,800  mg/l  has  been  recorded  at  Newcomers town  a"!  5,000  mg/l  below 
Massillon  in  the  Tuscarawas  River.  Brines  from  oil  well  pimping  are 
another  source  of  chloride  pollution  which  occurs  primarily  on  tributary 
streams  in  the  basin. 


l/  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 
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round  vater  resources  are  described  by  the  U.  S.  Geological 
and  the  following  discussion  has  been  condensed  from  their 


Glacial  deposits  cover  the  northern  and  western  portions  of  the 
basin  to  a depth  up  to  300  feet  thinning  toward  the  central  part  of 
the  basin.  Outvash  sand  and  gravel  deposits  are  the  best  aquifers  in 
the  basin  and  occur  in  the  valleys  of  the  'Tuscarawas,  Walhonding, 

Licking,  and  Muskingum  Rivers.  Wells  located  in  these  aquifers  in  the 
Tuscarawas  River  valley  are  reported  to  yield  as  much  as  2,000  gpm, 
while  in  the  Walhonding  River  many  of  the  wells  yield  more  than  500  gpm. 

In  the  Licking  River  valley,  individual  wells  drilled  in  the  valley 
fill  deposits  do  not  yield  as  much  water  as  those  drilled  in  the 
outwash  deposits  where  the  yield  is  as  much  as  6 00  gpm.  In  the 
Muskingum  River  valley  between  Coshocton  and  Dresden,  yield  to  individ- 
ual veils  is  as  much  as  1,500  gpm,  and  south  of  Dresden  yields  as  much 
as  500  gpm  are  reported. 

The  water  bearing  consolidated  rocks  underlying  the  western 
and  vest  central  part  of  the  basin  are  sandstones  and  siltstones  of 
the  Miseissippian  system  and  generally  yield  less  than  25  gpm  to 
individual  wells.  In  the  northwestern  and  west  central  portions,  the 
more  productive  wells  range  from  200  to  300  feet  deep  while  in  the  southern 
portion  up  to  100  feet  deep.  In  the  northern  portion  of  the  basin, 
sandstone,  shale,  coal,  limestone,  and  conglomerate  strata  of  the 
Pottsville  and  Allegheny  formations  of  the  Pennsylvania  systems  are  the 
most  productive,  yielding  generally  5 to  20  gpm  to  individual  wells  at 
depths  of  from  90  to  425  feet. 

In  the  southern  part  of  the  basin  wells  in  the  bedrock  generally 
yield  less  than  40  gpm.  In  the  Marietta  area,  where  the  Monongahela 
formation  and  Dunkard  Group  form  the  bedrock  surface,  veil  yields 
generally  are  less  than  5 gpm  and  numerous  dry  holes  have  been  reported. 

Quality 

Water  from  unconsolidated  glacial  deposits  is  hard  and  high  in 
dissolved  solids.  This  hardness  is  of  the  calcium  and  magnesium  bicarbonate 

type  ranging  from  150  to  4 00  mg/1  and  total  dissolved  solid  content 
from  200  to  as  high  as  600  mg/l.  Iron  is  genemlly  present  in 
undesirable  quantities  exceeding  the  0.3  mg/l  maximum  suggested  by  the 
Public  Health  Service  Drinking  Water  Standards. 


l/  Ground- Water  Distribution  and  Potential  in  the  Chio  River  Basin, 
Appendix  E,  Chio  River  Basin  Comprehensive  Survey . 
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Water  from  bedrock  formations  is  generally  hard  and  high  in 
dissolved  solids  and  iron.  Although  hardness  in  the  water  from  some 
wells  sampled  ranged  as  low  as  20  rag/l,  the  high  ranged  up  to  almost 
600  mg/l.  Dissolved  solids  ranged  from  about  300  mg/l  to  over  1,000  rag/l 
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THE  ECONOMY 


The  Muskingum  subarea  of  the  Projective  Economic  Study  is 
located  in  eastern  Ohio  encompassing  the  Muskingum  River  watershed 
and  includes  the  16  counties  listed  in  Tables  6 and  7.  To  facilitate 
estimates  of  future  water  requirements  and  waste  loads  derived  from 
the  projected  economy,  the  area  is  divided  into  three  minor  areas, 
F-l,  F-2,  and  F-3,  and  correlated  as  nearly  as  possible  with  the 
intra-area  hydrology.  F-l  includes  the  six  southern  counties  of  the 
area,  F-2  includes  the  six  northwestern  counties  of  the  area,  and 
F-3  includes  the  remaining  four  northeastern  counties.  The  counties 
in  each  minor  area  are  listed  in  Tables  6 and  7 and  are  shown  on 
Figure  4-1,  page  4-36. 

Economic  Profiles 


Minor  Area  F-l 

The  population  of  minor  area  F-l  was  259*600  in  i960  with 
Newark,  Cambridge,  and  Zanesville  being  the  largest  cities.  Per 
capita  personal  income  in  this  minor  area  was  $1,572  in  i960  compared 
to  $1,957  for  the  State  of  Ohio.  All  of  the  F-l  minor  area  with  the 
exception  of  Licking  County  is  within  the  region  designated  as 
Appalachia. 

Manufacturing  is  the  most  important  employment  category  and 
is  characterized  by  a preponderance  of  establishments  hiring  fewer 
than  100  employees.  The  most  significant  change  that  took  place 
between  1958  and  1964  was  an  upward  shift  from  plants  of  the  100-24o 
employees  size  to  those  hiring  250-4QQ  employees  and  the  increase  in 
small  establishments.  The  most  important  industries  are  machinery 
(including  electrical  machinery),  primary  metals,  motor  vehicles  and 
other  durables.  One  thermal  power  generating  plant  with  a capacity  of 
500  megawatts  is  located  at  Philo  on  the  Muskingum  River,  south  of  Zanesville. 

Agricultural  employment  stood  at  6,200  in  1060,  declined  at  an 
average  annual  rate  of  7.3  percent  from  IQ50  to  1°60  and  190,000  acres 
were  taken  out  of  production  between  1954  and  105°.  Even  so,  the 
total  value  of  farm  products  sold  has  remained  at  the  195q  level  of 
$32  million.  Livestock  and  livestock  products  accounted  for  75  percent 
of  the  above  figure.  Less  than  600  acres  are  under  irrigation. 


The  area  is  a major  producer  of  bituminous  coal.  In  I960, 

6.4  million  tons  were  extracted  equaling  19  percent  of  total  State 
production.  Although  crude  oil  production  is  not  published  on  a . 
county  basis  for  Ohio,  the  number  of  producing  wells  that  are  drilled 
each  year  is  available  from  State  records.  In  I960,  99  producing 
wells  were  drilled  representing  23  percent  of  the  total  new  wells  in 
Ohio. 

Minor  Area  F-2 

Population  in  minor  area  F-2  in  i960  amounted  to  324,700. 

There  are  five  cities  in  the  minor  area  having  populations  in  excess 
of  10,000.  Mansfield  the  largest,  had  a population  slightly  over 
47,000.  Holmes  and  Coshocton  Counties  are  within  the  region  designated 
as  Appalachia.  Per  capita  personal  income  equaled  $1,749  in  i960, 
as  compared  to  $1,957  for  the  State  of  Ohio. 

Manufacturing  establishments  manifested  a strong  growth  trend 
from  1958  to  1964.  There  has  been  not  only  an  increase  in  number  but 
also  an  increase  in  size.  From  1958  to  1964,  the  number  of  plants 
hiring  100  workers  or  more  increased  from  77  to  94,  Richland  and  Wayne 
Counties  realizing  the  greatest  increase.  The  most  important  industries 
are  machinery  (including  electrical  machinery),  other  nondurables, 
fabricated  metals  and  other  durables. 

Two  thermal  power  generating  plants  are  located  in  minor  area 
F-2.  One  plant  is  located  at  Conesville,  south  of  Coshocton  (capacity 
433.5  megawatts)  and  the  other  is  located  at  Orrville  (capacity  38.5 
megawatts).  One  pulp  mill  is  located  at  Coshocton  with  a capacity  of 
120  tons  per  day. 

Agricultural  employment  declined  at  an  average  annual  rate  of 
3.8  percent  between  1950  and  i960.  Standard  metropolitan  statistical 
areas  are  located  on  either  side  of  the  area  and  furnish  ready  markets, 
particularly  for  dairy  products.  The  total  value  of  farm  products 
sold  in  1959  amounted  to  $64.8  million,  $4.5  million  more  than  in  1954, 
and  dairy  products  and  the  remaining  livestock  products  each  accounted 
for  34.1  percent  of  the  total.  About  600  acres  of  the  total  1.4  million 
acres  of  farm  land  were  irrigated  in  1959« 

Bituminous  coal  and  crude  oil  extraction  were  both  significant 
in  the  area.  In  i960,  1.9  million  tons  of  coal  were  produced  equaling 
5.7  percent  of  total  State  production,  and  the  area  brought  in  177 
producing  oil  wells  equaling  40.1  percent  of  the  total  new  wells  in  the 
State . 


fe. 


Minor  Area  F-3 

Minor  area  F-3  is  the  most  industrialized  area  in  the  Muskingum 
subarea  with  a i960  population  of  456,000.  Four  larger  cities  were 
located  in  the  minor  area,  Canton  in  Stark  County  being  the  largest 
with  a population  of  113,600,  followed  by  Massillon  in  Stark  County 
with  a population  of  31,200.  The  other  two  cities  have  populations  of 
less  than  15,000.  Akron  and  Barberton,  with  populations  of  290,351 
and  33,805  respectfully,  are  not  included  in  the  Projective  Economic 
Study.  A portion  of  Akron  and  all  of  Barberton  lies  within  the  basin 
in  adjacent  Summit  County.  Stark  County  is  designated  a standard 
metropolitan  statistical  area  and  contains  74.6  percent  of  total 
F-3  minor  area  population.  The  remaining  thr :e  counties  are  within 
the  region  designated  as  Appalachia.  Per  capita  personal  income 
averaged  $1,926  in  Stark  County  and  $1,583  in  the  remaining  counties, 
as  compared  with  $1,957  for  the  State  of  Ohio. 

There  was  a significant  increase  in  the  number  of  manufacturing 
establishments  in  the  500-999  and  the  1,000-over  employee  categories, 
even  though  the  total  number  of  establishments  employing  100  or  more 
decreased  by  six  plants.  The  most  significant  industries  are  machinery 
(including  electrical  machinery),  primary  metals,  other  durables  and 
fabricated  metals.  Three  small  thermal  power  generating  plants  are 
located  at  Dover,  Canton  and  Massillon  in  the  area,  with  a total 
generating  capacity  of  39.3  megawatts. 

Agriculture  in  this  minor  area  showed  a decline  similar  to  the 
other  minor  areas.  The  total  value  of  farm  products  sold  in  1959 
amounted  to  $28  million.  Dairy  products  were  the  most  important 
components  comprising  38.4  percent  of  the  total.  Total  acres  under 
irrigation  were  1,760,  Stark  County  accounting  for  1,600  acres  of  the 
total. 

Bituminous  coal  production  is  of  signal  importance  in  the  area. 

In  I960,  eleven  million  tons  were  produced  equaling  32.5  percent  of 
total  State  production.  Only  15  producing  oil  wells  were  drilled 
during  i960  representing  3.5  percent  of  total  new  wells  in  the  State. 

One  million  tons  of  clay  were  also  produced  in  minor  area  F-3  in  I960 
equaling  over  20  percent  of  total  State  extraction. 

The  Barberton-Akron  complex  in  Summit  County  lies  outside  the 
study  area,  but  the  Muskingum  drainage  area  boundary  includes  Barberton 
and  a portion  of  the  Akron  metropolitan  area.  This  is  a rapidly  growing 
industrial  area.  Between  1958  and  1964,  20  new  manufacturing  plants 
hiring  over  100  employees  had  been  established.  The  three  most  signi- 
ficant plants  in  1964  in  Barberton  were  an  alkaline  and  chlorine  plant 
hiring  2,200  workers,  a rubber  plant  hiring  1,300  workers,  and  a fabri- 
cating metals  plant  hiring  2,900  workers. 


4-12 


T 


Projected  Population  and  Industrial  Activity 


Population,  as  shown  in  Table  6,  is  projected  to  increase  from 
1.0  million  in  i960  to  1.3  million  by  1980  and  2.0  million  by  2020. 
These  projections  represent  an  increasing  share  of  Ohio  River  Basin 
population  from  5.5  percent  in  i960  to  5*8  percent  by  2020. 

Agricultural  output  is  projected  to  increase  from  $2U5 
million  in  i960  to  $262  million  by  1980.  Manufacturing  output  is 
shown  in  Table  7 and  is  projected  to  increase  from  $3.3  billion  in 
i960  to  $6.8  billion  by  1980. 

Table  7 shows  i960  output,  employment  and  manufacturing  employ- 
ment. Projections  to  I98O,  2000,  and  2020  for  the  minor  areas  are 
shown  as  indices  using  i960  as  the  base. 

In  addition  to  the  counties  included  in  the  Muskingum  subarea 
in  the  Projective  Economic  Study,  eleven  other  counties  have  land 
area  within  the  basin.  These  counties  are  listed  in  Table  8.  Some 
of  these  counties  have  significant  water  using  communities  within  the 
basin  and  projections  of  their  water  requirements  and  waste  production 
are  based  on  the  projections  of  adjacent  Projective  Economic  Study 
subareas. 


V WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


Present  and  Projected  Water  Use 

There  are  108  central  water  supply  systems  in  the  Muskingum 
River  Basin,  serving  a population  of  64a, 755-  The  average  daily 
water  use  is  86  mgd  amounting  to  133  gallons  per  capita  daily  use. 

In  the  basin,  about  57  percent  of  the  water  used  for  municipal 
supplies  is  from  ground  sources.  The  largest  single  water  supply  is 
Canton,  using  a ground  source  and  accounting  for  approximately  22 
percent  of  the  total  municipal  water  use.  Most  of  the  smaller  commu- 
nities under  2,500  have  ground  water  sources,  while  intermediate 
sized  communities  in  the  25,000  to  50,000  range  use  surface  sources. 

The  present  municipal  and  industrial  water  use  is  listed  by 
county  and  totaled  by  economic  subarea  and  the  basin  in  Table  9. 

In  the  eastern  part  of  the  upper  basin,  in  minor  area  F-3, 
drained  by  the  Tuscarawas  River,  the  major  growth  will  probably  occur 
in  Stark  County  in  the  Canton  Standard  Metropolitan  Statistical  Area( S.M.S.A. ) 
which  at  the  present  accounts  for  over  80  percent  of  the  municipal 
and  industrial  water  use  in  the  minor  area. 

In  the  western  part  of  the  upper  basin,  in  minor  area  F-2, 
drained  by  the  Walhonding  River  tributaries,  major  water  use  occurs 
in  Richland  County  with  Mansfield,  the  erincipal  city,  accounting 
for  about  85  percent  of  the  water  use.  Wooster  accounts  for 
about  50  percent  of  the  total  water  use  in  V.’ayne  County. 

A large  per  capita  water  use  is  recorded  in  Cosnocton  County.  The 
city  of  Coshocton  serves  a population  of  13,500  with  4 mgd  for  a per 
capita  water  use  of  nearly  300  gpcd. 

In  the  lower  basin,  defined  by  minor  area  F-l,  major  wrater  use 
occurs  in  Licking  and  Muskingum  Counties.  In  Licking  County,  Newark 
accounts  for  88  percent  of  the  water  use  in  the  county  and  for  over 
50  percent  of  the  municipal  water  use  in  minor  area  F-l.  In 
Muskingum  County,  Zanesville  accounts  for  almost  85  percent  of  the 
water  use  in  the  county  and  for  over  17  percent  of  the  municipal 
water  use  in  the  minor  area. 
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Major  municipal  water  use  in  other  areas  in  the  basin  occurs 
in  Summit  County  at  Barberton  accounting  for  over  80  percent  of  the 
water  use  in  areas  not  included  in  the  basin  area  defined  by  the  • 
Projective  Economic  Study. 

Major  industrial  water  use  frcm  surface  sources  occurs  in 
Richland  and  Stark  Counties  at  Mansfield  and  Canton  respectively 
accounting  for  almost  53  percent  of  the  total  industrial  water  use  in 
the  basin. 

Based  on  population  increase  and  projected  industrial  activity, 
estimated  water  use  will  increase  in  the  Muskingum  River  Basin  as 
shown  in  Table  10.  It  is  estimated  that  total  municipal  and  industrial 
water  requirements  will  quadruple  by  2020.  The  major  increases  will 
probably  occur  in  about  the  present  centers  of  population  and  industry. 

In  minor  area  F-2,  total  water  use  is  projected  to  increase  over  four 
fold  with  the  major  increase  probably  occuring  at  Mansfield. 

In  minor  areas  F-l  and  F-3,  total  water  use  is  projected  to 
increase  about  3.75  times  by  2020.  In  the  former  minor  area,  the  major 
increase  will  probably  occur  around  Newark  and  Zanesville  while  in 
the  latter  area,  the  major  increase  probably  will  occur  in  the  Canton 
S.M.S.A.  In  other  areas  in  the  basin,  water  use  is  projected  to 
increase  almost  four  fold  by  2020  with  the  major  increase  occuring  at 
Barberton,  part  of  the  Akron  S.M.S.A. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10,  the 
1 day  in  30  years  low  flow  data  given  in  Table  5,  and  availability  of 
ground  water  as  reported  by  the  U.  S.  Geological  Survey^/ we re  used  to 
arrive  at  a judgment  as  to  the  need  for  future  development  of  sources 
of  water  supply.  Shown  in  Table  11  are  problem  areas  with  the 
approximate  time  of  onset. 

In  minor  area  F-l,  the  total  water  use  is  projected  to  increase 
to  56  mgd  by  1980,  to  85  mgd  by  2000  and  to  127  mgd  by  2020.  Approx- 
imately 65  percent  of  the  projected  water  use  in  this  subarea  will  be 
s’Tpplied  by  central  water  supply  systems.  Newark  is  meeting  present 
peak  demands  by  augmenting  its  surface  source  with  ground  water  ^ocatci 
upstream  from  the  city.  A large  industrial  plant;  haw  installed  conservation 
equipment  which  has  reduced  the  demands  on  the  city's  supply.  Several 
solutions  can  be  offered  for  developing  future  sources.  According  to 
U.  S.  Geological  Survey,  sources,  capable  of  major  development  exist  in 
the  glacial  outwash  deposits  nearby  and  in  the  bedrock  formations  beneath. 

1 / Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 

Appendix  E,  Ohio  River  Basin  Comprehensive  Study. 
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TABUS  11 


MUSKITGUM  RIVER  BASIN 
Water  Supply  Problem  Areas 


Minor  Area 

Present 

1980 

2000 

Granville 

F-l 

X 

Heath 

F-l 

X 

Newark 

F-l 

X 

South  Zanesville  F-l 

X 

Zanesville 

F-l 

X 

Ashland 

F-2 

X 

Loudonville 

F-2 

X 

Coshocton 

F-2 

X 

Millersburg 

F-2 

X 

Mount  Vernon 

F-2 

X 

Mansf ield 

F-2 

X 

Shelby 

F-2 

X 

Orrville 

F-2 

X 

Rittman 

F-2 

X 

Wooster 

F-2 

X 

Carrollton 

F-3 

X 

Canton 

F-3 

X 

Louisville 

F-3 

X 

Massillon 

F-3 

X 

Minerva 

F-3 

X 

North  Canton 

F-3 

X 

Wadsworth 

•* 

X 

Barberton 

* 

X 

♦Not  included 

in  Projective  Economic  Study. 
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2020 


Surface  sources  could  include  upground  reservoirs  and  allocation  of 
water  supply  in  a proposed  multi-purpose  reservoir  in  the  area. 


1 


South  Zanesville  at  the  present  time  uses  a ground  water  source 
and  indications  are  that  a shortage  of  supply  exists,  but  development 
of  additional  wells  will  probably  solve  this  problem.  Cambridge, 
presently  using  a surface  source,  will  draw  its  water  supply  from  the 
Salt  Creek  Reservoir,  that  is  being  constructed  by  the  State  of  Ohio. 

Municipal  water  needs  as  projected  will  approach  the  dependable 
yields  of  presently  developed  sources  at  Granville,  Zanesville  and 
Heath  by  19&0.  Ground  water  sources  can  probably  be  expanded  at 
Zanesville , Granville  and  Heath  to  meet  projected  needs  although  an 
alternate  solution  at  Heath  could  be  connection  to  the  city  of  Newark's 
water  supply  system. 

In  minor  area  F-2,  the  total  water  use  is  projected  to  93.5  mgd 
by  19d0,  to  150  mgd  by  2000  and  to  2l6  mgd  by  2020.  At  the  present, 
about  55  percent  of  the  municipal  supply  is  from  ground  sources.  Indi- 
cations are  that  water  supply  systems  in  Coshocton,  Mount  Vernon  and 
Orrville  will  have  difficulty  meeting  peak  demands  from  present  sources, 
in  the  near  future.  Ground  sources  appear  to  be  adequate  and  expansion 
of  present  well  fields  should  meet  foreseeable  needs.  By  1980,  planning 
for  additional  water  supply  sources  should  be  underway  at  Ashland, 
Loudonville,  Mansfield,  Shelby,  Rittman  and  Wooster.  Planning  for 
additional  sources  should  be  underway  by  2000  at  Miller sburg.  Ashland 
using  ground  and  surface  sources  and  Loudonville,  Coshocton,  Millersburg, 
Mount  Vernon,  Orrville,  Rittman  and  Wooster  presently  using  ground  water 
sources,  are  located  where  expansion  of  well  fields  can  meet  foreseeable 
needs.  Mansfield  and  Shelby  presently  use  surface  sources.  Ground 
water  is  reported  to  be  available  in  the  bedrock  formations  underlying 
these  communities  and  probably  should  be  investigated  as  a source  of 
supply.  Mansfield,  prior  to  1980,  and  Shelby,  by  I98O,  should  plan  to 
develop  additional  supply.  Since  Mansfield  and  Shelby  are  in  the 
headwaters  region,  additional  surface  water  storage  would  have  to  be 
provided  in  upground  reservoirs  or  reallocation  of  storage  in  existing 
reservoirs . 

In  minor  area  F-3,  total  water  use  is  projected  to  increase  to 
93  mgd  by  19fa0,  139  mgd  by  2000  and  211  mgd  by  2020.  Planning  for 
additional  sources  should  be  underway  in  Carrollton  and  Canton  by  I960, 
in  Massillon,  Louisville,  Minerva  and  North  Canton  by  2000.  Canton,  the 
largest  water  user  in  this  minor  area,  obtains  all  of  its  supply  frcm 
ground  sources.  The  other  communities  obtain  their  supplies  from  ground 
ground  sources.  Based  on  available  information  regarding  ground  water 
resources  in  the  area,  both  in  the  unconsolidated  deposits  and  bedrock 
formations,  all  communities  can  likely  meet  future  needs  by  expanding 
their  well  field  systems. 
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Major  water  use  in  other  areas  in  the  basin  occurs  in  Barberton 
and  Wadsworth.  Wadsworth  should  be  planning  now  to  increase  its 
source  of  supply.  Sufficient  ground  water  appears  to  be  available  to 
supply  foreseeable  future  needs.  Barberton  presently  obtains  about 
70  percent  of  its  supply  frcm  surface  sources  and  the  remainder  from 
ground  sources.  By  I960,  additional  sources  should  be  developed. 

Since  Barberton  is  located  in  the  headwaters  region,  additional  surface 
water  storage  would  probably  have  to  be  developed  in  upground  reservoirs. 
Ground  water  supplies  however,  either  in  the  glacial  outwash  deposits 
or  in  bedrock  formations  seem  to  be  adequate  to  meet  future  needs. 

Undoubtedly  there  are  other  smaller  communities  which  will  have 
water  supply  problems,  but  it  is  beyond  the  scope  of  this  report  to 
define  these  problem  areas. 


I 
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VI  WATER  QUALITY  CONTROL 


Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  in  the  basin  are  shown 
in  Table  12.  In  the  lower  portion  of  the  Muskingum  River  Basin, 
defined  generally  by  minor  area  F-l  boundaries,  nearly  65  percent  of 
the  present  organic  waste  loads  generated  are  from  municipal  sources. 

Major  sources  of  waste  discharges  are  from  Newark  in  Licking  County, 
Zanesville  in  Muskingum  County  and  Cambridge  in  Guernsey  County. 

Major  industrial  organic  waste  discharge  occurs  near  Zanesville. 

In  the  northwestern  portion  of  the  basin,  defined  generally  by  minor 
area  F-2,  nearly  55  percent  of  the  organic  wastes  discharged  are 
frcm  industrial  sources  primarily  in  Coshocton  and  Wayne  Counties. 

Major  sources  of  municipal  waste  discharges  are  from  Mansfield, 

Wooster  and  Ashland.  In  minor  area  F-3,  whose  boundaries  generally 
define  the  northeastern  portion  of  the  basin,  over  60  percent  of  the 
organic  wastes  discharged  are  frcm  municipalities  with  the  major 
discharges  being  from  the  Canton  and  Massillon  areas.  Major  industrial 
organic  waste  is  from  the  Canton  area.  In  basin  areas  not  included  in  the 
Projective  Economic  Study,  major  municipal  and  industrial  organic  waste 
discharges  occur  at  Barberton. 

Shown  in  Table  13  are  the  base  and  projected  waste  loads 
generated  for  the  basin  listed  by  minor  areas  and  other  areas  in  the 
basin.  Waste  loads  are  projected  to  increase  to  3.5  times  the  present 
level  by  2020  with  minor  area  F-l  and  other  areas  maintaining  this 
average,  minor  area  F-2  increasing  to  four  times  the  present  level 
and  minor  area  F-3  increasing  to  three  times  the  present  level. 

Water  Quality  Control  Problems 

Listed  in  Table  14  are  the  more  critical  areas  and  the  approx- 
imate beginning  date  of  the  need  for  stream  regulation  for  quality 
control  or  other  appropriate  measures  for  pollution  control.  While 
needs  in  the  following  paragraphs  are  described  as  "present,"  they 
are  actually  based  on  i960  data. 


Major  quality  control  problems  in  the  basin  are  in  Nimishillen 
Creek  below  Canton,  and  in  the  Rocky  Fork  of  the  Black  Fork  of  the 
Mohican  River  below  Mansfield  where,  even  with  secondary  treatment, 
residual  organic  constituents  discharged  to  the  streams  cause  unsatis- 
factory stream  conditions  during  periods  of  low  flow. 
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TABLE  14 


kuskinguk  river  basin 

Present  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 

Vicinity 

Economic 

Area 

Approximate  Beginning  Date 
Present  l°t?0  2000  2020 

Tuscarawas  River- 

Barberton 

F-3 

X 

Main  Stem 

Tuscarawas  River- 

Massillon 

F-3 

X 

Main  Stem  / 

Little  Chippewa 

Orrville 

F-£— ' 

X 

Creek  , , 

River  Styx 

Rittman 

F-2_y 

X 

River  Styx 

Wadsworth 

* 

X 

Nimishillen  Creek 

Canton 

F-3 

X 

Stillwater  Creek 

Dennison- 

Uhrichsville 

F-3 

X 

Black  Fork-Mohican 

Shelby 

F-2 

X 

River 

Jerome  Fork 

Ashland 

F-2 

X 

Rocky  Fork-Black  Mansfield 
Fork-Mohican  River 

F-2 

X 

Kokosing  River 

Mount  Vernon 

F-2 

X 

Killbuck  Creek 

Wooster 

F-2 

X 

Licking  River 

Newark 

F-l 

X 

Wills  Creek 

Cambridge 

F-l 

X 

♦Lot  in  Projective  Economic  Study. 

y Located  in  an  authorized  PL- 566  Watershed  Project  area. 

The  design  flow  in  Nimishillen  Creek  is  about  23  cfs,  but  flows 
on  the  order  of  140  cfs  are  required  at  present,  210  cfs  in  1980, 

275  cfs  in  2000  and  320  cfs  in  2020.  It  does  not  appear  that  storage 
of  the  magnitude  required  to  sustain  these  flows  is  available  in  the 
drainage  area  above  Canton,  so  regulation  of  streamflow  appears  to  be 
only  a partial  solution  and  advanced  waste  treatment  methods  will 
probably  be  required. 

The  design  flow  in  the  Rocky  Fork  of  the  Black  Fork  of  the 
Mohican  River  below  Mansfield  is  about  10  cfs.  Flows  in  the  order  of 
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60  cfs  are  needed  at  the  present,  increasing  to  &5  cfs  by  i960, 

115  cfs  by  2000  and  150  cfs  by  2020  to  maintain  satisfactory  con- 
ditions in  the  stream  even  after  secondary  treatment  of  organic 
wastes.  Since  Mansfield  is  in  the  headwaters  region,  storage  of 
the  magnitude  required  to  sustain  these  flows  is  probably  not 
available  and  flow  regulation  appears  to  be  only  a partial  solution, 
and  advanced  waste  treatment  methods  will  probably  be  required. 

Stream  conditions  in  the  Tuscarawas  River  below  Barberton, 
where  design  flow  is  about  20  cfs,  axe  unsatisfactory  at  the  present. 
Flows  in  the  order  of  35  cfs  are  needed  at  present,  increasing  to 
55  cfs  by  i960,  65  cfs  by  2000  and  120  cfs  by  2020. 

In  the  Tuscarawas  River  below  Massillon,  the  design  flow  of 
about  68  cfs  appears  to  be  adequate  to  assimilate  present  residual 
organic  wastes.  By  1980,  total  flow  needed  in  the  stream  will 
increase  to  75  cfs,  100  cfs  by  2000  and  125  cfs  by  2020. 

Stream  conditions  in  the  River  Styx  below  Wadsworth  and 
Rittman  are  unsatisfactory  at  present  with  small  summer  flows  in  the 
stream.  Indications  are  that  below  Wadsworth  flows  on  the  order  of 
8 cfs  are  required  at  present,  increasing  to  about  11  cfs  by  i960, 

15  cfs  by  2000  and  20  cfs  by  2020.  If  these  flows  are  supplied,  needs 
will  be  met  at  Rittman.  Flow  regulation  does  not  appear  to  be  the 
solution  since  storage  does  not  appear  to  be  available  above  these 
ccmmunities . The  solution  to  the  problem  may  be  intensive  treatment 
of  the  secondary  plant  effluent  by  "polishing"  or  holding  ponds  for 
release  during  high  flow  periods. 

Other  stream  reaches  where  the  summer  flows  are  small  are 
Little  Chippewa  Creek  below  Orrville,  Wills  Creek  below  Cambridge, 
the  Stillwater  Creek  below  Dennison-Uhrichsville  and  the  Black  Fork 
of  the  Mohican  River  below  Shelby.  At  Orrville,  Dennison-Uhrichsville, 
and  Shelby,  flows  in  the  order  of  10-12  cfs  are  required  at  present, 
increasing  to  18  cfs  by  1980,  25  cfs  by  2000  and  about  30  cfs  by  2020. 

In  Wills  Creek  below  Cambridge,  about  17  cfs  is  required  at  the  present, 
22  cfs  by  198 0,  30  cfs  by  2000  and  kO  cfs  by  2020.  As  Orrville  and 
Shelby  are  in  headwater  regions  and  storage  does  not  appear  to  be 
available  above  these  communities,  flow  regulation  of  the  strearasdoes 
not  appear  to  be  a complete  solution.  Here  again  more  intensive 
treatment  by  "polishing"  ponds  or  holding  ponds  for  release  during 
periods  of  higher  flows  may  also  be  necessary.  A solution  for  disposal 
of  treated  wastes  at  Dennison-Uhrichsville  may  be  transmission  to  the 
Tuscarawas  River,  a stream  with  higher  flows. 


Additional  studies  may  result  in  solution  to  the  low  flow 
requirements  at  Dennison-Uhrichsville  and  Cambridge  by  changes  ir. 
operation  procedures  and/or  reallocation  of  storage  in  upstream 
reservoir  projects.  Wills  Creek  below  Cambridge  can  be  improved 
by  releases  frcm  Salt  Fork  Reservoir  when  completed  by  the  State. 

The  current  study  of  the  Muskingum  Basin  being  conducted  by  the 
Corps  of  Engineers  will  consider  reallocation  of  storage,  changes  in 
operations  and  additional  reservoir  sites. 

Stream  conditions  are  unsatisfactory  at  present  in  Killbuck 
Creek  below  Wooster  and  Jerome  Fork  below  Ashland  with  summer  design 
flows  of  about  8 cfs  and  2 cfs  respectively.  Total  flows  in  each 
of  the  streams  in  the  order  of  30  cfs  are  needed  at  present,  40  cfs 
in  1980,  55  cfs  in  2000  and  70  cfs  in  2020  to  maintain  satisfactory 
conditions. 

In  the  Licking  River  below  Newark,  design  low  flow  of  about 
40  cfs  appears  to  be  sufficient  at  the  present  to  maintain  satisfac- 
tory stream  conditions . However , by  1980  needs  will  increase  to 
70  cfs, by  2000  to  90  cfs  and  by  2020  to  120  cfs. 

In  the  Kokosing  River  below  Mount  Vernon,  where  design  flow 
is  about  18  cfs,  indications  are  that  toward  the  close  of  the  study 
period  after  2000,  summer  flows  in  the  order  of  35  cfs  will  be 
needed,  increasing  to  45  cfs  by  2020. 

There  are  undoubtedly  other  small  tributaries  adversely 
affected  by  discharge  of  residual  wastes  after  secondary  treatment, 
but  it  is  beyond  the  scope  of  this  report  to  define  all  of  them. 

Quality  problems  unrelated  to  population  are  heat,  chloride 
pollution  and  mine  drainage.  Major  sources  of  heat  release  to  streams 
occur  on  the  Muskingum  River  at  Conesville,  Philo  and  Beverly  where 
plants  with  generating  capacities  of  433.5  megawatts,  500  megawatts 
and  876  megawatts  respectively  are  located.  Smaller  power  generating 
plants  are  installed  at  Barberton  on  the  Tuscarawas  River  and  Orrville 
on  Little  Chippewa  Creek  with  capacities  of  87  megawatts  and  38.5 
megawatts  respectively.  Heat  discharges  from  these  plants  during 
periods  of  low  flow  have  adverse  effects  on  the  streams  in  localized 
reaches  during  periods  of  low  flow.  Installation  of  cooling  towers 
would  alleviate  this  condition  but  would  increase  losses. 


Chloride  pollution  resulting  frcm  industrial  brine  discharges 
is  a problem  in  the  headwaters  of  the  Tuscarawas  River  affecting’  the 
entire  length  of  the  Tuscarawas  and  Muskingum  Rivers.  Production  of 
sodium  chloride  (Na  Cl)  frcm  rock  salt  deposits  is  accomplished  in 
the  Barberton-Rittman  area  by  introducing  fresh  water  into  salt  wells 
and  pumping  from  the  wells  a saturated  brine;  for  processing.  Chloride 
wastes  can  be  disposed  of  by  recovery  of  chlorides  as  marketable 
products  or  changes  in  processes  to  eliminate  production  of  brines. 

Another  source  of  chloride  pollution  is  brine  discharge  from 
oil  well  operations.  Since  oil  is  produced  in  most  of  the  counties 
in  the  basin,  many  small  streams  in  the  basin  are  probably  affected, 
but  field  investigation  will  be  required  to  locate  these  areas. 

Injection  of  all  salt  water  and  other  oil  field  wastes  into  deep 
disposal  wells  may  be  a solution  to  this  problem. 

Mining  of  bituminous  coal  occurs  in  nearly  every  county  in  the 
basin  and  results  in  acid  drainage  from  the  mines  into  adjacent  streams. 
The  most  serious  problem  area  is  in  the  Moxahala  Creek  watershed. 
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TABLE  1 


MUSKINGUM  RIVER 

BASIN 

Counties  in 

Basin 

County 

Percent 

of  Land 

* 

Ashland 

8l.l 

Athens 

0.8 

Belmont 

20.0 

* 

Carroll 

80.0 

Columbiana 

9-4 

* 

Coshocton 

100.0 

Crawford 

1.4 

Fairfield 

4.1 

* 

Guernsey 

100.0 

* 

Harrison 

72.3 

* 

Holmes 

100.0 

* 

Knox 

98.  Q 

* 

Licking 

93.2 

Medina 

30.9 

Monroe 

9.2 

* 

Morgan 

84.0 

Morrow 

33.9 

* 

Muskingum 

100.0 

* 

Noble 

55.7 

* 

Perry 

41.0 

Portage 

0.4 

« 

Richland 

88.8 

* 

Stark 

86.6 

Summit 

43.0 

« 

Tuscarawas 

100.0 

Washington 

33.9 

# 

Wayne 

100.0 

•Counties  considered  in  economic  projections  of  Muskingum  River  Basin. 
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TABLE  2 


MUSKINGUM  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
Sq.  Miles 

Length  of 
Stream 
(miles) 

Miles  fran 
confluence 
with  Ohio  River 

Muskingum  River 

8,040 

110 

0 

Licking  River 

790 

40 

75 

Wills  Cre? 

850 

65 

99 

Walhonding  River 

2,250 

20 

110 

Tuscarawas  River 

2,590 

125 

110 

A 
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TABLE  3 

MUSKINGUM  RIVER  BASIN 
Population  of  Principal  Communities 


City 

County  State  1910 

1920 

1930 

1940 

1950 

I960 

Canton 

Stark  Ohio  50*217 

87,091 

104,906 

108,401 

116,912 

113,631 

Mansfield 

Richland 

20,768 

27,824 

33,525 

37,154 

43,564 

47,325 

Newark 

Licking 

25,404 

26,718 

30,596 

31,487 

34,275 

41,790 

Zanesvil le 

Muskingum 

28,026 

29,569 

36,440 

37,500 

40,517 

39,077 

Barberton 

Summit 

9,401 

18,811 

23,934 

24,028 

27,820 

33,805 

Massillon 

Stark 

13,879 

17,428 

26,400 

26,644 

29,594 

31,236 

Ashland 

Ashland 

6,795 

9,249 

11,141 

12,453 

14,287 

17,419 

Wooster 

Wayne 

6,136 

8,204 

10,742 

11,543 

14,005 

17,046 

Cambridge 

Guernsey 

11,327 

13,104 

16,129 

15,044 

14,739 

14,562 

New  Philadelphia  Tuscarawas  " 

8,542 

10,718 

12,365 

12,328 

12,948 

14,241 

Mount  Vernon 

Knox 

9,087 

9,237 

9,370 

10,122 

12,185 

13,284 

Coshocton 

Coshocton 

9,603 

10,847 

10,908 

11,509 

11,675 

13,106 

Dover 

Tuscarawas  " 

6,621 

8,101 

9,716 

9,691 

9,852 

11,300 

Wadsworth 

Medina 

3,073 

4,742 

5,930 

6,495 

7,966 

10,635 

Shelby 

Richland 

4,003 

5,578 

6,198 

6,643 

7,971 

9,106 
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TABLE  4 


MUSKINGUM  RIVER  BASIN 
Reservoirs  - Area  100  Acres  or  Greater 


Perm. Pool 

Storage 

(acre-feet) 

Area 

Flooi 

Water 

Name 

Purpose 

( acres) 

Control 

Supply 

Other 

Dillon 

F,  R 

1,325 

261,000 

12,700 

Salt  Forkil/ 

F,  W,  R 

3,000 

42,000 

Barberton 

W 

200 

670 

Buckeye  Lake 

R 

2,853 

19,940 

Clear  Fork 

W,  R (L) 

997 

10,760 

Lake  Dorothy 

W,  R (L) 

100 

1,058 

Knox  Lake 

R 

495 

Nimisila 

W 

811 

9,500 

Chippewa  Lake 
Portage  Lakes 

3/ 

Atwood 

3/ 

Beach  City 
2/ 

Bolivar 

R 

332 

W (R) 

1,198 

F,  R 

1,540 

26,100 

23,600 

F,  R 

420 

70,000 

1,700 

F 

1/ 

149,600 

3/ 

80,600 

Charles  Mill 

F,  R 

1,350 

7,400 

3/ 

1,800 

Clendening 

F,  R 

27,500 

26,500 

3/ 

Dover 

3/ 

F 

2/ 

202,000 

Lee  a vi lie 

F,  R 

1,000 

17,900 

19,500 

3/ 

285,000 

Mohawk 

F 

2/ 

2/ 

Mohicanville 

F 

2/ 

102,000 

3/ 

33,600 

P iedmont 

F,  R 

2,270 

31,400 

3/ 

Pleasant  Hill 

3/ 

Senecaville 

2/ 

Tapp  an 

3/ 

Wills  Creek 

F,  R 

850 

74,200 

13,500 

F,  R 

3,550 

45,000 

43,500 

F,  R 

2,350 

26,500 

35,100 

F,  R 

900 

190,000 

6,000 

1 / Consists  of  10  lakes,  interconnected,  with  total  area  shown.  F - Flood  Protection 

2 / No  conservation  pool.  W - Water  Supply 

3/  Muskingum  Conservancy  District  Reservoirs.  M.C.D.  operates  R - Recreation  - (L)  Limited 

recreation  facilities  and  the  Corps  of  Engineers  operates 
the  flood  control  facilities. 

4/  Under  construction  by  State. 


4-27 


RIVER  BASIN 


Low  flow  regulated  by  Bolivar,  Leesville , Atwood,  Dover, Beech  City,  Piedmont,  Clendening,  ' 
Charles  Mill,  Pleasant  Hill,  Mohicanville  and  Mohawk  Reservoirs  since  1936. 

Low  flow  regulated  by  Reservoirs  listed  in  1/  plus  Senecavllle  and  Mills  Creek  since  1938 
Natural  flow. 


MUSKINGUM  RIVER  BASIN 
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TABLE  8 

MUSKINGUM  RIVER  BASIN 


Cou  ties 

Considered  in  Economic 

Base 

of  Adjoining 

State 

County 

Included  in  Econc 

Ohio 

Athens 

E-l 

Upper  Ohio 

It 

Belmont 

E-2 

Upper  Ohio 

»» 

Columbiana 

E-2 

Upper  Ohio 

It 

Crawford 

* 

II 

Fairfield 

1-1 

Scioto 

It 

Medina 

* 

II 

Monroe 

E-l 

Upper  Ohio 

II 

Morrow 

1-2 

Scioto 

II 

Portage 

* 

II 

Summit 

* 

II 

Washington 

E-l 

Upper  Ohio 

* - Not  included  in  Projective  Economic  Study  of  Ohio  River  Basin. 
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SUMMARY 


Kanawha  River  Basin 


Municipal  and  Industrial  Water  Supply  Problems 

The  major  municipal  and  industrial  water  use  occurs  in  the 
reach  of  the  Kanawha  River  in  the  vicinity  of  Charleston, 

West  Virginia.  Surface  water  is  used  to  satisfy  needs  and  ample 
supplies  are  available  to  meet  future  needs  throughout  the  study 
period. 


Problems  in  supply  have  been  reported  to  exist  at 
Wytheville,  Pearisburg,  and  Narrows,  Virginia,  and  Boone, 

North  Carolina.  There  are  ample  surface  sources  of  supply  in 
the  vicinity  of  these  communities  which  can  be  developed  to  meet 
future  needs.  Beckley,  West  Virginia,  is  presently  planning  to 
develop  additional  sources  of  supply. 

Water  Quality  Control  Problems 

The  major  problem  area  in  the  Kanawha  River  Basin  occurs 
in  the  Kanawha  River  at  and  below  the  Charleston,  West  Virginia, 
industrial  complex.  The  present  critical  problem  area  is  the  reach 
from  mile  point  56  to  mile  point  31«3  at  the  Winfield  Dam.  Even 
assuming  a high  degree  of  treatment  of  organic  wastes,  present 
critical  low  summer  flows  in  the  lower  portion  of  the  Kanawha  River 
are  not  sufficient  to  assimilate  the  residual  organic  loads  discharged 
to  the  stream  without  serious  degradation  of  water  quality.  In 
addition  to  the  organic  portion  of  the  industrial  waste  loads 
discharged  to  this  reach  of  river,  other  related  problems  are 
toxicity,  color  and  taste,  and/or  odor  properties.  Under  present 
conditions  of  treatment , the  situation  is  critical  at  the  present 
time  and  will  continue  to  worsen  under  projected  population  growth 
and  industrial  activity. 

Other  reaches  of  streams  in  the  basin  where  conditions  are 
unsatisfactory  at  present  during  low  flow  periods  are  the  East 
Fork  of  the  Greenbrier  River  below  Durbin,  West  Virginia,  and  the 
Bluestone  River  below  Bluefield,  Virginia.  By  19^0,  due  to  projected 
population  growth  and  industrial  activity,  stream  conditions  at  design 
low  flows  will  be  unsatisfactory  in  Peak  Creek  below  Pulaski,  Virginia, 
Buffalo  Creek  below  West  Jefferson,  North  Carolina,  and  Chestnut  Creek 
below  Galax,  Virginia,  and  by  2000  in  Piney  Creek  below  Beckley, 

West  Virginia. 
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Little  Kanawha  River  Basin 
Municipal  and  Industrial  Water  Supply  Problems 

The  major  water  use  in  the  basin  is  projected  in  the  lower 
reach  of  the  river  where  ample  supply  of  water  will  be  available 
from  the  pool  in  the  lower  Kanawha  River  formed  by  Belleville  Dam 
on  the  Ohio  River. 

In  the  upper  portion  of  the  basin,  the  community  of 
Spencer  is  presently  experiencing  a shortage  of  supply  during  the 
drier  months.  Present  and  future  needs  can  be  met  by  provision 
of  local  impoundments. 

Water  Quality  Control  Problems 

There  is  an  existing  water  quality  problem  in  the  reach 
of  the  Little  Kanawha  River  in  pool  from  navigation  dams  on  the 
Ohio  River.  Industrial  waste  discharges  coupled  with  the  lower 
water  quality  of  the  Ohio  River  at  this  point  and  the  embayment 
action  of  this  backwater  pool  result  in  degradation  of  the  Little 
Kanawha  River  over  the  last  3-8  miles  of  its  length  at  Parkersburg. 

The  new  high-level  Belleville  Dam  on  the  Ohio  River  is  to 
be  completed  by  1968,  and  this  will  extend  the  backwater  area  to 
about  mile  point  22.  The  contributions  of  industrial  wastes, 
the  relatively  low  flow  of  the  Little  Kanawha  River,  and  its 
very  low  gradient  throughout  its  lower  reaches  will  result  in  a 
problem  in  this  extended  backwater  area. 
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DESCRIPTION  OF  STUDY  AREA 


Kanawha  River  Basin 

Location  and  Boundaries 

The  Kanawha  River  Basin  spans  the  entire  width  of  the 
southern  part  of  the  State  of  West  Virginia,  includes  the  west- 
central  portion  of  the  Commonwealth  of  Virginia,  and  the  north- 
western part  of  the  State  of  North  Carolina.  It  is  bounded  on 
the  north  by  the  Little  Kanawha  and  Monongahela  River  Basins, 
on  the  east  by  the  Potomac,  James,  and  Roanoke  River  Basins,  on 
the  south  by  the  Pee  Dee  River  Basin,  and  on  the  west  by  the 
Tennessee,  Big  Sandy,  and  Guyandotte  River  Basins.  The  total 
drainage  area  of  the  Kanawha  River  Basin  is  12,300  square  miles, 

8,450  of  which  are  in  West  Virginia,  3,080  in  Virginia,  and  770 
in  North  Carolina  and  covers  all  or  part  of  the  35  counties 
listed  in  Table  la. 

The  Kanawha  River  is  formed  by  the  confluence  of  the  New 
and  Gauley  Rivers  at  Gauley  Bridge,  West  Virginia.  Frcm  the 
point  of  origin  it  flows  northwesterly  for  95  miles  to  its  junction 
with  the  Ohio  River  at  Point  Pleasant,  West  Virginia.  The  confluence 
of  the  Kanawha  and  the  Ohio  Rivers  is  266  river  miles  below 
Pittsburgh,  Pennsylvania.  The  main  tributaries  comprising  the 
Kanawha  River  system  are  shown  in  Table  2a. 

Physical  Features 

The  Kanawha  River  Basin  is  located  in  the  Kanawha  section 
of  the  Appalachian  Plateaus  physiographic  province,  the  Tennessee 
section  of  the  Valley  and  Ridge  province,  and  the  southern  section 
of  the  Blue  Ridge  province.  The  entire  basin  is  mountainous  in 
character,  although  the  upper  and  lower  portions  comprise  two 
contrasting  types  of  topography.  Rounded  hills  and  wide  valleys 
characterize  the  Appalachian  Plateaus  province  of  the  lower  basin, 
and  high  mountains  and  deep  gorges  characterize  the  Blue  Ridge 
province  of  the  upper  basin.  The  elevations  of  the  basin  range 
from  a high  of  approximately  5,000  feet  in  the  Blue  Ridge  Mountains 
of  North  Carolina  to  538  fee'  at  the  mouth  of  the  Kanawha  River, 
giving  a maximum  relief  of  about  4,500  feet. 
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The  bedrock  of  the  Kanawha  River  Basin  in  West  Virginia  is 
composed  of  consolidated  rock  of  sedimentary  origin.  These  rocks 
are  a part  of  the  Appalachian  Basin  strata.  In  the  extreme 
eastern  and  southern  sections  of  the  basin  in  West  Virginia, 
major  folding  accompanied  by  faulting  has  resulted  in  anticlinal 
mountains  trending  southwest -northeast  and  the  exposure  of 
considerably  older  rocks*  This  area  is  known  as  the  Valley  and 
Ridge  Province . 

The  geologic  materials  of  the  Blue  Ridge  Province  in  Virginia 
and  North  Carolina  include  metamorphic  and  intrusive  igneous  rocks 
containing  a fairly  sizable  suite  of  minerals  many  of  which  have 
given  rise  to  commercial  mining.  A considerable  number  of  faults 
exist  in  the  area  in  contrast  to  the  relative  absence  of  faulting 
in  the  West  Virginia  portion  of  the  basin. 

Climate 


The  climate  throughout  most  of  the  Kanawha- Little  Kanawha 
area  is  continental  in  character  and  varies  over  a wide  range. 
Seasons  are  of  near  equal  length.  Winters  are  moderate  to  severe, 
but  summers  are  warm  to  mild.  Topography  considerably  modifies 
normal  control  of  the  climate  by  latitude.  Consequently,  existing 
topographic  differences  cause  marked  variations  in  precipitation 
and  temperature  between  the  mountainous  areas  and  the  hilly 
plateau  lands . 

Mean  annual  precipitation  ranges  from  about  35-^5  inches 
at  lower  elevations  to  approximately  55  inches  in  the  upper 
reaches.  Approximately  10  percent  of  the  precipitation  falls 
as  snow.  High  flows  characteristically  occur  in  the  winter  and 
spring,  and  low  flows  occur  during  the  summer  and  fall.  Mean 
annual  temperature  ranges  from  about  U8°F  in  upper  areas  to 
approximately  57°F  in  lower  portions  of  the  basin.  Ihe  average 
length  of  frost-free  periods  ranges  from  160  days  at  high  altitudes 
to  197  days  at  Charleston,  West  Virginia. 

Principal  Communities  and  Industries 

Agriculture,  manufacturing,  and  mining  each  hold  an 
important  position  in  the  economy  of  the  basin.  Hay  is  the 
principal  agricultural  enterprise  and  the  bulk  of  the  rural 
economy  is  related  to  livestock  production.  Mining  output 
continues  to  be  important  with  coal  the  principal  product 
extracted.  However,  the  relative  importance  of  manufacturing 
increases  annually.  Manufacturing  is  especially  strong  in  the 
Charleston,  West  Virginia  area. 
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Principal  communities  and  their  growth  patterns  from  1910 
to  i960  are  shown  in  Table  3a. 

Little  Kanawha  River  Basin 


Location  and  Boundaries 


The  Little  Kanawha  River  Basin  embraces  2,309  square  miles 
of  west- central  West  Virginia,  lying  entirely  within  the  State, 
and  comprises  nearly  10  percent  of  the  area  of  the  State.  The 
basin  is  approximately  80  miles  in  length,  and  its  maximum  width 
is  about  50  miles.  It  is  bounded  on  the  south  by  the  Kanawha 
Basin,  on  the  west  by  the  Ohio  River,  on  the  north  by  the  Middle 
Island  Creek  Basin,  and  on  the  east  by  the  Monongahela  Basin. 

The  basin  contains  all  or  part  of  the  12  counties  shown  in  Table  lb. 
The  Little  Kanawha  River  heads  in  southwestern  Upshur  County  and 
extends  approximately  165  miles  to  the  northwest  to  its  mouth  at 
Parkersburg,  West  Virginia,  185  river  miles  below  Pittsburgh, 
Pennsylvania.  From  the  headwaters  to  a point  UU  miles  downstream, 
the  river  has  a fall  of  approximately  29-5  feet  per  mile.  The 
rate  of  fall  for  the  remaining  121  miles  is  only  about  1.5  feet 
per  mile.  The  pertinent  data  regarding  the  Little  Kanawha  River 
drainage  system  are  shown  in  Table  2b. 

Riysical  Features 


The  Little  Kanawha  River  Basin  is  located  in  the  Kanawha 
section  of  the  Appalachian  Plateaus  physiographic  province.  The 
basin  exhibits  the  steep  slopes,  sinuous  ridges,  and  fine 
dissection  characteristic  of  this  section.  Flat  land  is  mostly 
absent  except  along  the  lower  reach  of  the  river  where  broad 
flood  plains  and  terraces  make  up  the  topography.  Parkersburg, 

West  Virginia,  is  located  on  the  flat  land  near  the  confluence 
of  the  Little  Kanawha  and  Ohio  Rivers.  The  topography  of  the  basin 
is  rugged  throughout  with  elevations  in  the  headwaters  reaching 
approximately  2,200  feet.  The  normal  pool  elevation  at  the  mouth 
of  the  basin  is  572  feet,  giving  a total  relief  of  about  1,630  feet. 

Rock  strata  underlying  the  basin  are  composed  of  consolidated 
rocks  of  sedimentary  origin.  The  rocks  are  nearly  flat  lying, 
except  for  gentle  warps  of  local  extent  and  outcrops  in  a general 
older-to-younger  pattern  from  east  to  west,  soil  erosion  has  been 


moderate  to  severe  over  much  of  the  area,  particularly  where  the 
slopes  have  been  deprived  of  adequate  vegetative  cover  as  a 
result  of  lumbering,  farming,  and  mining  activities.  About  60 
percent  of  the  basin  is  forest  land.  Extensive  deposits  of 
unconsolidated  alluvium  occur  along  the  lower  Little  Kanawha 
River  valley  and  along  the  Ohio  River. 

Climate 


The  climate  in  the  Little  Kanawha  River  Basin  is  similar 
to  that  for  the  Kanawha  River  Basin  and  is  described  in  that 
portion  of  this  study. 

Principal  Communities  and  Industries 


The  major  sources  of  income  in  the  basin  are  derived  from 
agriculture,  manufacturing,  and  mining.  Also,  with  60  percent 
of  the  area  in  commercial  forest  land,  timber  extraction  is 
important  to  the  economy  of  the  basin.  Nearly  90  percent  of  farm 
production  is  livestock  and  livestock  products.  Coal  is  the  most 
valuable  mineral  resource  in  the  basin,  but  most  of  the  increased 
economic  activity  in  the  mining  industry  comes  from  an  expansion 
of  gas  and  oil  production.  Most  of  the  industrial  and  commercial 
activity  is  in  Wood  County  with  Parkersburg,  located  on  the  main 
stem  Ohio  River,  as  the  principal  manufacturing  community. 

Principal  communities  and  their  population  patterns  from 
1910  to  i960  are  shown  in  Table  3b« 
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Ill  WATER  RESOURCES 


Kanawha  River  Basin 

Surface  Water  Resources 
Quantity- 

Surface  flows  in  the  basin  are  greatly  affected  by  a number 
of  single  and  multiple-purpose  reservoirs  as  well  as  by  three 
navigation  structures  on  the  Kanawha  River.  Table  4 shows  perti- 
nent data  for  the  larger  of  these  reservoirs. 

The  existing  Bluestone,  Suramersville , and  Sutton  Reservoirs 
and  the  proposed  Blue  Ridge  Reservoir  are  of  major  importance. 

The  three  existing  reservoirs  constructed  by  the  Corps  of  Engineers 
have  a total  storage  of  1,252,100  acre-feet  for  flood  control  and 
260,000  acre-feet  for  other  purposes  such  as  low  flow  regulation. 

Of  the  Kanawha  basin's  entire  IT,  100  square  mile  drainage  area, 
the  present  Bluestone,  Summersville , and  ^utton  Reservoirs 
control  a total  of  5,905  square  miles  of  drainage  area. 

The  Byllesby,  Hawks  Nest,  Little  i.ev,  and  Buck  Reservoirs 
are  privately  owned  reservoirs  for  the  numse  of  producing  hydro- 
electric power.  The  Gatewood  and  Beck  ley  ..ater  Company  Reservoirs  are 
used  as  a source  of  water  suppLy,  and  the  . tevcns  Branch,  Flur.  Orchard, 

Sherwood,  and  Moncove  Lakes  are  primarily  for  recr  ational  purposes. 

| 

The  main  stem  Kanawha  River  is  navigable  from  its  mouth  to 
mile  point  01*  The  three  dams  which  maintain  the  navigation  moors 

are  the  Winlield  Dam  at  mile  point  the  Mamet  Dam  at  mile 
point  67.7,  and  the  London  Dam  at  mile  point  ,2.-  . Each  of  these 
three  dams  also  has  hydroelectric  power  generating  facilities. 

Gallipolis  Locks  and  Dam,  located  on  the  Ohio  r.iver , is  als~ 
considered  a necessary  part  of  the  Kanawha  Navigation  System. 
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The  dry  weather  flow  of  streams  in  the  Kanawha  River  basin 
ranges  widely  and  reflects  the  varying  geologic  and  hydrologic  controls 
within  the  basin.  Gaging  stations  in  the  upper  New  River  basin  above 
Galax,  Virginia  show  some  of  the  highest  sustained  flows  in  the  Ohio 
River  basin.  (.5^  to  .78  cfs  per  square  mile  exceeded  90  percent  of  the 
time.)  This  is  due  to  a combination  of  abundant  precipitation  along 
the  Blue  Ridge  and  the  relatively  permeable  igneous  and  metamorphic 
rocks  with  high  infiltation  capacities  that  underlie  the  area.  The 
Greenbrier  River,  underlain  by  limestones,  shales  and  sandstones  of 
varying  permeability  has  a low-flow  index  of  0.11  cfs  per  square  mile 
at  its  downstream  station.  The  Gauley  River,  underlain  by  sandstones 
of  the  Pottsville  formation,  has  a low-flow  index  of  0.10  cfs/sq.  mi. 
at  the  Summer sville  gage  in  contrast  to  an  index  of  0.007  cfs/sq.  mi. 
for  the  Pocatalico  River  at  Sissonville.  Most  of  the  Pocatalico 
drainage  area  is  underlain  by  shales  and  sandstones  of  the  Monongahela 
Formation,  which  is  a relatively  poor  aquifer. 

Quality 

Natural  quality  of  surface  waters  in  the  Kanawha  River 
Basin  is  generally  good,  being  soft  to  moderately  hard  waters  of 
the  calcium  and  magnesium  bicarbonate  or  calcium  sulfate  type, 
depending  on  locality,  and  with  low  dissolved  mineral  content. 

Total  hardness,  expressed  as  calcium  carbonate,  averages  less  than 
50  mg/l  during  periods  of  high  to  medium  flows,  and  dissolved 
solids  average  about  the  same.  During  periods  of  low  flow  hardness 
and  dissolved  solid  content  generally  increase  due  to  ground  water 
discharges  which  make  up  an  appreciable  amount  of  the  flow. 

Changes  in  quality  are  affected  in  reaches  of  various 
streams  in  the  basin  by  discharges  of  domestic  and  industrial 
wastes  and  by  discharges  from  coal  mines. 

The  main  stem  of  the  Kanawha  River  from  about  mile  point 
69  to  its  mouth  is  degraded  by  municipal  and  industrial  wastes 
which  results  in  a range  in  stream  oxygen  conditions  frcm  seme 
degradation  to  septic  conditions.  The  present  critical  reach  is 
frcm  just  below  Charleston  to  the  Winfield  Dam.  During  times  of 
low  streamflow,  this  area  experiences  periods  of  zero  dissolved 
oxyren  content. 

Although  a number  of  small  streams  contain  varying  amounts 
of  acid  mine  drainage,  because  of  the  natural  alkalinity  of  the 
streams,  the  effect  of  this  pollutant  is  generally  significant  only 
in  that  it  affects  the  hardness  and  dissolved  solids  content. 
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Waters  of  the  Coal  River  and.  Little  Coal  River,  tributary  to  the 
Coal  River,  are  moderately  hard  to  very  hard,  calcium  magnesium 
sulfate  type  waters  due  to  sulfate  from  coal  mining  areas. 
Mineralization  is  also  much  higher  in  this  subbasin  as  compared 
to  other  areas  in  the  basin. 

Ground  Water  Resources 


Quantity 

The  Kanawha  River  Basin  is  underlain  by  consolidated  rocks 
ranging  from  Precambrian  to  Permian  in  age.  Ground  water  supplies 
adequate  for  domestic  needs  (20  gpm  or  less)  are  available  in 
most  areas.  Larger  supplies  for  industrial  and  public  sunply 
needs  (200  gpm  or  more)  are  available  in  some  areas. 

The  principal  bedrock  aquifers  are  coarse-grained  sandstones 
and  conglomerate  of  the  Pottsville  and  Allegheny  formations  in  the 
central  part  of  the  basin.  Yields  of  as  much  as  600  gpm  are 
obtained  from  individual  wells. 

Other  good  potential  sources  of  ground  water  are  meta- 
morphosed gneiss,  schist,  phyllite,  and  conglomerate  in  the 
headwaters  of  the  basin  where  yields  of  more  than  70  gpm  are 
obtained  and  weathered  carbonate  rocks  of  the  central  part  of 
the  basin  where  some  springs  yield  as  much  as  500  gpm. 

Unconsolidated  alluvium  along  the  Kanawha  River  valley 
from  Charleston  to  Point  Pleasant  is  as  much  as  70  feet  thick  and 
is  a good  potential  source  of  ground  water.  Yields  of  as  much 
as  150  gpm  are  obtained  from  standard  vertical  screened  wells 
that  tap  sand  and  gravel  aquifers  in  the  alluvium. 

Quality 

Ground  water  from  the  Pottsville  and  Allegheny  formations, 
at  depths  of  less  than  R00  feet  in  their  outcrop  areas,  is  usually 
soft  or  only  moderately  hard  and  only  slightly  mineraii:  ed  and  is 
suitable  for  domestic  and  industrial  purposes  with  little  or  no 
treatment.  However,  in  places  where  anticlinal  structures  are 
eroded,  as  at  Charleston,  the  shallow  ground  water  is  more 
mineralized. 
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The  ground  water  from  the  carbonate  aquifers  of  the 
headwaters  part  of  the  basin  is  probably  rather  hard  , judging 
from  chemical  analyses  of  surface  water  in  these  areas.  Water 
from  the  phyllites,  gneisses,  quartzites  and  conglomerates  probably 
is  only  slightly  mineralized.  Additional  data  on  natural  ground 
water  quality  are  currently  being  collected  by  the  Geological 
Survey. 

Water  from  the  Kanawha  River  alluvium  is  usually  softer 
than  water  from  the  bedrock  but  commonly  has  high  acidity  and  a 
high  iron  content. 


Little  Kanawha  River  Basin 


Surface  Water  Resources 
O.uantity 

The  Little  Kanawha  River  and  its  tributaries  tend  to  be 
"flashy"  resulting  in  below  average  dry-weather  flows.  However, 
owing  to  similar  terrain,  geology,  and  precipitation,  the 
streamflow  characteristics  throughout  the  entire  Little  Kanawha 
River  Basin  are  relatively  uniform  and  the  basin  probably  has  the 
least  areal  variation  of  flow  of  any  major  basin  in  West  Virginia. 
There  are  no  major  storage  reservoirs  in  the  basin,  but  the  Corps 
of  Engineers  is  studying  a site  at  Burnsville  on  the  Little  Kanawha 
River  and  sites  on  Leading  Creek  and  West  Fork.  The  Burnsville 
Reservoir  Project  is  in  advance  planning  stage. 

In  the  past,  the  Little  Kanawha  River  was  navigable  over 
much  of  its  main  stem,  but  navigation  in  recent  years  has  been 
limited  to  mile  point  3.&.  However,  the  completion  of  the  new 
high-level  dam  on  the  Ohio  River  at  Belleville  will  extend  the  pool 
up  the  Little  Kanawha  River  to  about  mile  point  22  at  +he  community 
of  Newark,  West  Virginia. 

Streamflow  data  shown  in  Table  5b  were  excerpted  frcm  data 
prepared  by  the  Corps  of  Engineers.—' 


\J  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River 
Basin  Comprehensive  Survey. 
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Quality 

Surface  water  of  the  Little  Kanawha  River  Basin  is  soft 
(less  than  60  mg/l)  and  either  calcium  magnesium  bicarbonate  or 
sulfate  type  water.  Iron  and  manganese  range  between  0.3  to 
1.0  mg/l  and  the  water  is  moderately  mineralized.  Due  to  coal 
mining  in  some  of  the  minor  tributary  basins,  water  from  these 
tributaries  contribute  sulfate  and  noncarbonate  hardness  to  the 
waters  of  the  main  stem,  but  the  flows  from  these  tributaries 
are  too  small  to  seriously  affect  the  quality  of  the  water  in  the 
main  stem. 

Ground  Water  Resources 
Quantity 

The  Little  Kanawha  River  Basin  is  underlain  by  consolidated 
sedimentary  rocks  of  the  Pennsylvanian  and  Permian  age. 

Except  for  the  Burning  Springs  anticline,  near  the  middle  of  the 
basin,  the  rocks  are  relatively  flat  lying.  Except  for  the  head- 
waters portion  of  the  basin  from  Kanawha  Head  to  Fallsmill,  where 
pe’rmeable  sandstones  of  the  Allegheny  formation  form  the  bedrock 
surface,  most  of  the  basin  is  underlain  by  shales,  sandstones,  and 
coal  of  the  Monongahela  formation  and  Dunkard  group,  which  are 
relatively  poor  aquifers. 

Extensive  deposits  of  unconsolidated  alluvium  as  much  as 
50  feet  thick  are  present  along  the  lower  reaches  of  the  river 
between  Elizabeth  and  Parkersburg  and  are  the  best  source  of 
ground  water  in  the  basin.  Wells  tapping  sand  and  gravel  aquifers 
yield  as  much  as  100  gpm. 

Quality 

Water  from  the  principal  bedrock  aquifers  is  usually  very 
soft,  with  hardness  expressed  as  calcium  carbonate  about  15  rag/l, 
sulfate  content  about  12  mg/l,  and  total  dissolved  solids  about 
31*  mg/l.  In  the  vicinity  of  Burning  Springs,  erosion  of  a major 
anticlinal  structure  has  exposed  rocks  containing  relatively 
shallow,  more  mineralized  ground  water,  where  hardness  averages 
about  160  mg/l  expressed  as  CaCOo  and  total  dissolved  solids  are 
about  21*0  mg/l. 

Ground  water  from  the  municipal  wells  tapping  unconsolidated 
sand  and  gravel  aquifers  at  Elizabeth  is  soft,  with  a total  hardness 
of  ;*2  mg/l  and  only  slightly  mineralized  with  dissolved  solid 
content  of  110  mg/l. 
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IV 


THE  ECONOMY 


The  Kanawha-Little  Kanawha  subarea  of  the  Projective 
Economic  Study  is  roughly  coextensive  with  the  watersheds  of  the 
Kanawha  and  the  Little  Kanawha  Rivers,  with  the  exception  of  the 
lower  reaches  of  both  streams.  The  subarea  lies  partly  in  the 
three  States  of  West  Virginia,  Virginia,  and  North  Carolina.  To 
facilitate  estimates  of  future  water  requirements  and  waste  loads, 
the  subarea  has  been  divided  into  nine  minor  areas.  Minor  areas 
G-l,  G-2,  and  G-4  contain  the  five  northern  counties  of  the 
Kanawha  River  Basin  and  minor  area  G-3  roughly  encompasses  the 
Little  Kanawha  River  Basin.  Minor  areas  G-5,  G-6,  and  G-7 
contain  the  ten  middle  counties  of  the  Kanawha  River  Basin  and 
minor  areas  G-8  and  G-9  contain  the  eleven  southern  counties 
located  in  Virginia  and  North  Carolina.  All  of  the  Kanawha- 
Little  Kanawha  subarea  lies  within  the  region  designated  as 
Appalachia.  The  counties  in  each  minor  area  are  listed  in 
Tables  6 and  7 and  shown  on  Figure  5-1,  page  5-47- 

Economic  Profiles 


Minor  Areas  G-l,  G-2,  G-3,  and  G-4 

These  minor  areas  have  been  grouped  together  because  of 
their  geographical  location  but  G-2,  which  is  Kanawha  County,  is 
the  dominant  minor  area  in  the  group.  The  I960  population  of  these 
minor  areas  was  350,600,  of  which  about  72  percent  resided  in 
Kanawha  County  and  the  remainder  were  located  in  the  other  eight 
counties  in  minor  areas  G-l,  G-3,  and  G-1*.  The  four  larger  cities 
in  these  northern  counties  are  Charleston,  South  Charleston, 

St.  Albans,  and  Dunbar,  located  in  Kanawha  County,  having  popula- 
tions of  85,800,  19,200,  15,100,  and  11,000  respectively.  The 
average  personal  income  for  minor  area  G-2  was  $1,771  and  for  the 
remaining  minor  areas  $1,014  compared  with  $1,378  for  the  State 
of  West  Virginia. 

Manufacturing,  the  most  important  employment  category,  is 
centered  primarily  in  minor  area  G-2,  Kanawha  County,  which 
accounts  for  80  percent  of  the  total  manufacturing  employment  and 
82  percent  of  the  total  manufacturing  output  in  these  minor  areas. 
In  these  four  miror  areas,  there  were  26  manufacturing  establish- 
ments employing  100  or  more  workers  in  196^.  The  most  important 
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industries  axe  chemicals  and  allied  products,  other  durables 
primary  and  fabricated  metals,  and  food  processing.  Seven  thermal 
power  generating  plants  are  located  in  minor  area  G-2,  having  a 
total  capacity  of  803  megawatts . There  axe  also  three  hydropower 
generating  stations,  located  at  the  navigation  dams  on  the  Kanawha 
River  with  a total  capacity  of  43. 6 megawatts.  One  is  located  in 
Putman  County,  minor  area  G-l  with  a capacity  of  14.8  megawatts 
and  the  other  two  are  located  in  minor  area  G-2  with  a combined 
capacity  of  28.8  megawatts. 

Mining  is  the  second  most  important  employment  category. 

Coal  aad  oil  productions  are  the  most  important  mining  activities. 

In  i960,  10.6  million  tons  of  coal  were  produced  equaling  9 percent 
of  the  total  production  in  West  Virginia.  In  1963,  285  new  gas 
wells,  28  new  oil  wells,  and  151  new  wells  of  both  gas  and  oil 
were  brought  into  production,  representing  44.4  percent,  28.9 
percent,  and  69  percent  respectively  of  the  total  number  of  new 
wells  drilled  in  West  Virginia  in  that  year. 

The  total  value  of  farm  products  sold  has  been  maintained 
at  about  the  1959  figure  of  $8.8  million,  74.1  percent  of  which 
was  accounted  for  by  livestock  products . During  the  period 
1954-1959*  229,000  acres  were  taken  out  of  farm  production. 

Less  than  50  acres  were  irrigated  in  1959.  Agricultural  employ- 
ment declined  from  12,600  in  1950  to  3,o00  in  i960. 

Minor  Areas  G-5,  G-6,  and  G-7 

The  total  i960  population  of  these  minor  areas  was 
347,^00  and  had  an  average  personal  per  capita  income  of  $1,109 
compared  to  $1,378  for  West  Virginia.  Two  larger  cities  were 
located  in  the  area,  Beckley  in  Raleigh  County  and  Bluefield  in 
Mercer  County,  having  populations  of  18,600  and  19,300  respectively. 
In  i960,  19.2  percent  of  the  total  population  was  classified  as 
urban . 

Mining  was  the  most  important  employment  category.  In 
i960,  24.2  million  tons  of  coal  were  produced  representing  20.4 
percent  of  the  total  yearly  production  in  West  Virginia.  In 
1963,  27  new  gas  wells  were  drilled  representing  4.2  percent  of 
the  total  yearly  number  in  the  State. 

Manufacturing  was  the  second  most  important  employment 
category.  Establishments  employing  100  or  more  workers  increased 
frcm  18  in  1958  to  21  in  1964.  The  most  important  industries  are 
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furniture  and  wood  products,  primary  and  fabricated  metals,  food 
processing,  and  machinery  (including  electrical  machinery).  Two 
thermal  power  generating  plants  are  located  in  the  area,  one  in 
Fayette  County  and  one  in  Greenbrier  County,  with  a total  capacity 
of  129.6  megawatts.  One  hydropower  generating  plant  is  located 
in  Fayette  County  with  a capacity  of  102  megawatts. 

Agricultural  employment  declined  from  10,500  in  1950  to 
3>800  in  i960.  The  total  value  of  farm  products  sold  increased 
from  $12.1  million  in  1954  to  $1^.8  million  in  1959-  Sixty-nine 
percent  of  the  latter  figure  was  accounted  for  by  livestock 
products.  During  the  same  period,  301,000  acres  were  taken  out 
of  farm  production.  Less  than  100  acres  were  irrigated  in  1959* 

Minor  Areas  G-8  and  G-9 

The  total  i960  population  of  minor  areas  G-8  and  G-9 
was  201,500,  16.4  percent  classified  as  urban.  Average  personal 
per  capita  income  amounted  to  $1,027  compared  to  $1,598  in 
Virginia  and  $1,252  in  North  Carolina.  Pulaski  and  Radford, 
Virginia,  were  the  largest  cities  in  the  minor  areas  with  popula- 
tions of  10,500  and  9,400  respectively. 

Manufacturing  was  the  most  important  employment  category 
and  has  shown  a healthy  rate  of  growth.  Establishments  employing 
100  workers  or  more  increased  from  35  in  1958  to  53  in  1964. 

The  most  important  industries  are  textiles,  furniture  and  wood 
products,  chemicals  and  allied  products,  and  apparel  and  other 
fabricated  products.  Three  thermal  power  generating  plants  are 
located  in  minor  area  G-8  with  a total  capacity  of  H3.I  megawatts. 
There  are  also  three  hydropower  generating  stations  located  in 
minor  area  G-8  with  a total  capacity  of  105.1  megawatts. 

Agricultural  employment  declined  from  22,500  in  1950  to 
11,200  in  i960.  The  total  value  of  farm  products  sold  increased 
from  $23.9  million  in  1954  to  $33*4  million  in  1959*  Approxi- 
mately 75  percent  of  the  latter  figure  was  accounted  for  by 
livestock  products.  During  the  same  period  of  time,  1954-1959, 

163.000  acres  were  taken  out  of  farm  production.  Less  than 

1.000  acres  were  irrigated  in  "1959* 

Mining  activity  is  mainly  confined  to  extraction  of  stone, 
sand,  and  gravel.  However,  there  is  a limited  amount  of  mining 
of  copper,  lead  and  zinc,  and  some  iron  pigment. 
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Projected  Population  and  Industrial  Activity 


Population  of  the  Kanawha- Little  Kanawha  subarea  is  projected 
to  increase  from  91^ ,000  in  i960  to  about  1,180,000  by  the  year 
2020.  The  i960  population  of  the  subarea  accounted  for  1.8 
percent  of  the  total  Ohio  River  Basin  population  but  is  expected 
to  account  for  only  1.3  percent  by  the  year  2020.  Table  6 shows 
the  i960  and  projected  population  for  the  minor  areas. 

According  to  the  Projective  Economic  Study,  agricultural 
output  is  expected  to  increase  from  $200.7  million  in  i960  to 
$2l2  million  in  2010.  Mining  output  is  expected  to  increase  from 
$213.9  million  in  i960  to  $807. 3 million  by  2010.  The  largest 
gain  is  expected  to  occur  in  manufacturing  output.  It  is 
expected  to  increase  from  $1.5  billion  to  over  $8  billion  by  201c. 
Table  7 shows  manufacturing  output,  total  employment,  and  manu- 
facturing employment.  Projections  to  1980,  2000,  and  2020  for 
the  minor  areas  are  shown  as  indices  using  i960  as  the  base. 

In  addition  to  the  counties  included  in  the  Kanawha- 
Little  Kanawha  subarea  in  the  Projective  Economic  Study,  nine 
other  counties  have  land  area  within  the  Kanawha  River  Basin  and 
four  other  counties  have  land  area  within  the  Little  Kanawha 
River  Basin.  These  counties  are  listed  in  Tables  8a  and  8b 
respectively.  Some  of  these  counties  have  significant  water 
using  communities  and  significant  sources  of  pollution  within  the 
basin,  and  projections  of  their  water  needs  and  organic  waste 
loads  are  based  on  the  projections  of  the  Projective  Economic 
Study  subarea  wherein  they  lie  or  to  which  they  are  contiguous. 


V WATER  REQUTRIMENTS  - MUNICIPAL  AND  INDUSTRIAL 


Kanawha  River  Basin 
Present  and.  Projected  Water  Use 

There  are  179  central  water  supply  systems  in  the  Kanawha 
River  Basin,  serving  a population  of  kl+1,575.  The  average  daily 
water  use  is  hh. 192  mgd,  amounting  to  100  gallons  per  capita 
daily  use. 

In  the  basin,  78  percent  of  the  water  used  for  municipal 
supplies  is  from  surface  sources.  Charleston,  utilizing  surface 
sources,  accounts  for  approximately  1*3  percent  of  the  total 
municipal  water  use  in  the  basin. 

The  present  municipal  and  industrial  water  use  in  the 
basin  is  listed  by  county  and  totaled  for  economic  subareas  and 
the  basin  in  Table  9a*  Within  the  minor  area  designation  G-2, 
the  city  of  Charleston,  West  Virginia,  accounts  for  approximately 
63  percent  of  the  population  served  by  central  systems  and  about 
90  percent  of  the  water  used  fran  municipal  systems. 

The  major  industrial  water  use  is  for  the  chemical  and 
allied  product  industries  located  in  Kanawha  County.  This  use 
accounts  for  about  95  percent  of  the  total  industrial  water  use 
within  the  entire  basin. 


Based  on  population  increase  and  projected  industrial 
activity,  estimated  water  use  will  increase  in  the  Kanawha  River 
Basin  as  shown  in  Table  10a.  It  is  estimated  that  total  municipal 
and  industrial  water  requirements  will  increase  about  threefold 
by  the  year  2020.  The  major  increases  will  probably  occur  in  or 
about  the  present  centers  of  population  and  industrial  activity. 
Increases  in  total  water  use  in  the  minor  areas  by  2020  are 
projected  to  be  12  times  the  present  use  in  minor  area  G-9,  over 
6 times  the  present  use  in  minor  area  G-l,  about  k.5  times  the 
present  use  in  minor  areas  G-k  and  G-8  and,  in  other  areas  in 
the  basin  not  included  in  Subarea  G,  over  3*5  times  in  minor 
areas  G-5  and  G-7,  over  2-5  times  the  present  use  in  minor  area 
G-2  and  twofold  In  minor  area  G-6. 
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Water  Supply  Problems 


The  projected  total  water  supply  figures  shown  in  Table  10a, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5,  and  avail- 
ability .of  ground  water  as  reported  by  the  U.  S.  Geological 
Survey!''  were  used  to  arrive  at  a judgment  as  to  need  of  future 
development  of  sources  of  water  supply.  Shown  in  Table  11a  are 
problem  areas  with  the  approximate  time  of  onset. 


TABLE  11a 

KANAWHA  RIVER  BASIN 
Water  Supply  Problem  Areas 


Minor  Area 

Present 

1980 

Beckley,  W.Va. 

G-5 

X 

Wythe vi lie,  Va. 

G-8 

X 

Pearisburg,  Va. 

g-8 

X 

Narrows,  Va. 

0-8 

X 

Boone,  N.  C. 

G-9 

X 

In  minor 

area  G-5>  the 

total  water 

use  is 

increase  to  10.3  mgd  by  1980,  to  13*8  mgd  by  2000,  and  to  21.2  mgd 
by  2020.  Approximately  65  percent  of  the  projected  water  use  in 
this  subarea  will  be  for  industrial  use.  It  is  assumed  that 
increased  industrial  activity  will  occur  in  the  area  of  the  now- 
increasing  industrial  developnent  in  the  Beckley  area  in  Raleigh 
County.  Beckley  is  presently  planning  for  a solution  of  its 
water  supply  problems. 


l/  Ground-Water  Distribution  and  Potential  in  the  Chio  River 
Basin,  Appendix  E,  Chio  River  Basin  Comprehensive  Survey. 


In  minor  area  G-8,  total  water  use  is  projected  to  increase 
from  U2.5  mgd  at  present  tol32.5mgd  in  1980,  to  159-9  n^d  by  2000, 
and  to  about  185  mgd  by  2020.  In  this  minor  area  in  Virginia, 
Wytheville  in  Wythe  County  and  Pearisburg  and  Narrows  in  Giles 
County  have  experienced  shortages  of  supply.  In  all  these 
locations,  ample  supplies  of  surface  water  are  nearby.  At 
Wythevllle , additional  local  impoundments  should  provide  storage 
to  meet  future  needs.  Pearisburg  and  Narrows  are  located  on  the 
New  River  where  supplies  are  plentiful  and  quality  of  water  in 
the  river  is  very  good  and  could  be  developed  as  a source  of 
supply. 


In  minor  area  G-9  in  North  Carolina,  total  water  use  is 
projected  to  increase  from  the  present  1 mgd  to  about  11  mgd  by 
2020.  Ground  and  surface  supplies  are  ample  to  meet  future 
needs  and  the  community  of  Boone  in  Watauga  County  by  enlarging 
its  intake  facilities  can  meet  future  needs. 


Little  Kanawha  River  Basin 


Present  and  Projected  Water  Use 


There  are  only  eight  central  water  supply  systems  in  the 
Little  Kanawha  River  Basin  which  obtain  their  water  from  sources 
within  the  basin.  These  systems  serve  a population  of  9>700. 

The  average  daily  water  use  is  0.735  mgd,  amounting  to  75  gallons 
per  capita  daily  use.  The  city  of  Parkersburg,  West  Virginia,  is 
located  at  the  mouth  of  the  Little  Kanawha  River  but  obtains  its 
supply  from  five  infiltration  wells  located  along  the  Ohio  River. 
The  city  serves  a population  of  60,000  and  utilizes  some  k-9  mgd 
for  a 82  gallon  per  capita  per  day  water  use. 

In  the  basin,  93  percent  of  the  water  used  for  municipal 
supplies  is  from  surface  sources. 

The  present  municipal  and  industrial  water  use  in  the  basin 
is  listed  by  county  and  totaled  for  economic  subareas  and  the 
basin  in  Table  9b. 

The  Little  Kanawha  River  Basin  contains  very  few  water 
using  industries.  Due  to  the  topography  of  the  basin,  trans-. 
portation  facilities,  etc.,  the  industrial  activity  within  the 
basin  (with  the  exception  of  extractive  industries)  is  limited 
for  the  most  part  to  the  Parkersburg  area  along  the  Ohio  River. 


Based  on  population  increase  and  projected  industrial 
activity,  estimated  water  use  will  increase  in  the  Little  Kanawha 
River  Basin  as  shown  in  Table  10b.  It  is  estimated  that  total 
municipal  and  industrial  water  requirements  will  increase  about 
threefold  by  the  year  2020. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in 
Table  10b,  the  1 day  in  30  years  low  flow  data  given  in  Table  5b, 
and  availability  of  ground  water  as  reported  by  the  U.  S.  Geological 
Survey!  were  used  to  arrive  at  a judgment  as  to  the  need  for 
future  development  of  sources  of  water  supply. 

In  minor  area  G-U,  total  water  use  is  projected  to  increase 
to  mgd  by  1980,  to  -5  mgd  by  2000,  and  to  .7  mgd  by  2020. 

The  problem  area  in  the  basin  is  shown  in  Table  lib. 


TABLE  lib 

LITTLE  KANAWHA  RIVER  BASIN 
Water  Supply  Problem  Areas 


Minor  Area  Present  I98O  2000  2020 

Spencer,  W.Va.  G-**  X 


Approximately  50  percent  of  the  projected  water  use  in  thi6 
subarea  will  be  for  industrial  use.  It  is  assumed  that  the  increase 
in  the  smaller  industries ' use  of  the  only  supply  available  is  at 
Spencer,  the  largest  incorporated  community  in  Roane  County. 

Spencer  is  presently  experiencing  shortage  of  supply  during  the 
drier  months.  Construction  of  local  impoundments  should  provide 
sufficient  storage  to  meet  future  needs. 

l/  Ground-Water  Distribution  and  Potential  in  the  Chio  River 
Basin,  Appendix  E,  Chio  River  Basin  Comprehensive  Survey. 


A large  industrial  water  use  is  projected  in  other  areas 
in  the  hasin  not  included  in  the  G-U  minor  area.  This  use  is 
projected  in  the  lower  reaches  of  the  Little  Kanawha  River  which 
will  he  navigable  in  the  near  future  due  to  the  new  higher  pool, 
of  Belleville  Dam  on  the  Chio  River..  Ample  supply  of  water 
should  he  available  to  meet  future  needs. 


f 


) 

i 
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WATER  QUALITY  CONTROL 


Kanawha  River  Basin 


Present  and  Projected  Waste  Loads 

Present  raw  waste  loads  generated  in  the  Kanawha  River  Basin 
are  shown  in  Table  12a.  The  Charleston  industrial  complex  is  largely 
within  minor  area  G— 2 and  this  area  accounts  for  42  percent  of  the 
total  municipal  base  load  generated  within  the  basin.  Minor  area  G-2 
contributes  78  percent  of  the  total  industrial  organic  waste  load 
generated  in  the  Kanawha  Basin. 

Shown  in  Table  13a  are  the  present  and  projected  raw  waste 
loads  for  the  various  minor  areas . Raw  waste  loads  are  projected 
to  increase  on  the  average  of  1.5  times  by  the  year  1980,  2.2  times 
by  2000,  and  3.5  times  by  2020. 

Water  Quality  Control  Problems 

Listed  in  Table  l4a  are  the  more  critical  areas  and  the 
approximate  beginning  date  of  the  need  for  stream  regulation  for 
quality  control  or  other  appropriate  measures  for  pollution 
control.  The  raw  waste  loads  are  assumed  to  have  received  secondary 
treatment  or  equivalent  reduction  before  discharge  to  the  stream. 


TABLE  l4a 

KANAWHA  RIVER  BASIN 


Present  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 

Vicinity 

Economic 

Area 

Approximate  Beginning  Date 
Present  I98O  2000  2020 

Kanawha  River 

Charleston^/ 

G-2 

X 

Piney  Creek 

Beckleyl/ 
Durbin 3/ 

G-5 

X 

E.Fk.  Greenbrier 

G— 6 

X 

River 

Bluestone  River 

Blue field®/ 

G-8 

X 

Peak  Creek 

Pulaski£/ 

G— 8 

X 

Chestnut  Creek 

Galax£/ 

G— 8 

X 

Buffalo  Creek 

W.  JeffersonV 

G-9 

X 

l/  West  Virginia 
2/  Virginia 
2/  North  Carolina 
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As  previously  indicated,  the  major  municipal  and  industrial 
organic  waste  loads  in  the  basin  occur  in  the  reach  of  the  Kanawha 
River  below  the  Charleston  complex,  where  the  chemical  and  allied 
product  industries  are  the  most  prevalent.  The  organic  portion 
of  their  waste  loads  is  only  one  of  a number  of  pollution  aspects 
attributed  to  this  type  of  industrial  waste.  Other  major  problems 
are  toxicity,  color,  and  taste /odor  properties. 

Therefore,  the  major  water  quality  control  problem  within 
the  Kanawha  River  Basin  is  that  due  to  municipal  and  industrial 
discharges  in  the  lower  portions  of  the  Kanawha  River  main  stem. 

This  results  in  degradation  of  the  quality  of  the  Kanawha  River 
from  mile  point  70  to  its  mouth  with  serious  degradation  resulting 
in  septic  conditions  during  ow  flow  periods  in  various  reaches 
of  the  Kanawha  River  fron  below  Charleston  to  mile  point  31.3  at 
the  Winfield  Dam.  The  present  7-day  once  in  ten-year  low  flow 
condition  for  the  Kanawha  River  at  Charleston,  as  modified  by  the 
Sutton  and  Summersville  Reservoirs,  is  1,930  cfs.  Detailed 
studies  of  the  Kanawha  River  Basin  indicate  that  a total,  flow  of 
4,700  cfs  is  presently  needed  during  the  low  flow  period  in  order  to 
maintain  a minimum  dissolved  oxygen  concentration  of  4 mg/l  within 
this  stream  stretch  and  5 mg/l  at  the  mouth.  These  flow  needs  will 
increase  with  projected  loadings  to  6,900  cfs  by  1980,  10,200  cfs  by 
2000  and  14,500  cfs  by  2020  in  the  critical  time  of  year. 

The  degree  of  treatment  of  organic  wastes  upon  which  the 
forestated  flows  are  based  are  85  percent  removal  of  first  stage 
BOD  and  65  percent  removal  of  second  stage  BOD. 

Other  stream  reaches  where  problems  exist  at  the  present 
due  to  low  flow  in  the  receiving  streams  being  insufficient  to 
assimilate  treated  wastes  residuals  are  East  Fork  Greenbrier 
River  below  Durbin,  West  Virginia,  and  Bluestone  River  below  Bluefield, 
Virginia.  Design  flow  in  these  streams  is  1 cfs  or  less.  In  the  East 
Fork  Greenbrier  River , total  flows  in  the  order  of  15  cfs  are  needed 
now  and,  based  on  a projected  declining  industrial  activity,  this 
flow  should  meet  future  needs.  In  the  Bluestone  River,  flows  in 
the  order  of  10  cfs  are  needed  at  the  present,  increasing  to 
15  cfs  by  1980,  20  cfs  by  2000,  and  about  33  cfs  by  2020.  In  Buffalo 
Creek,  below  West  Jefferson,  North  Carolina,  flows  in  the  order  of 
5 cfs  are  needed  by  1980,  increasing  to  10  cfs  by  2000,  and  15  cfs 
by  2020. 
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Need  for  additional  flow  is  indicated  by  1980  in  Peak 
Creek  below  Pulaski,  Virginia,  and  Chestnut  Creek  below  Galax, 
Virginia.  Design  flow  in  these  streams  is  6 cfs  and  16  cfs 
respectively.  In  Peak  Creek  beginning  in  1980,  flows  in  the 
order  of  15  cfs  will  be  needed,  increasing  to  17  cfs  by  2000, 
and  to  21  cfs  by  2020.  In  Chestnut  Creek  beginning  in  1980, 
flows  in  the  order  of  22  cfs  will  be  needed,  increasing  to 
24  cfs  by  2000,  and  26  cfs  by  2020. 

Another  area  of  need  is  Piney  Creek  below  Beckley, 

West  Virginia,  where  by  2000  the  design  flow  of  20  cfs  will  need 
to  be  increased  to  22  cfs  to  assimilate  residual  organic  wastes 
discharged  to  the  stream.  By  2020,  the  need  will  increase  to 
32  cfs. 

Since  all  of  the  communities  listed  in  Table  l4a,  except 
Charleston,  West  Virginia,  are  in  headwater  regions  of  tributary 
streams , it  is  doubtful  whether  storage  for  streamflow  regulation 
can  be  developed  above  these  cctnmunities  and  intensive  treatment 
is  indicated.  There  are  undoubtedly  many  other  small  streams 
affected  by  discharge  of  residual  organic  wastes  remaining  after 
secondary  treatment,  but  it  is  beyond  the  scope  of  this  report  to 
define  them  all. 


Problems  unrelated  to  population  are  heat  discharge  to 
streams  and  mine  drainage.  The  Kanawha  River  in  pool  from 
Winfield  Dam  receives  a large  quantity  of  heat  discharged  frcm 
industry  in  the  area.  Adding  to  the  heat  load  from  industry  is 
the  heat  discharged  by  seven  thermal  power  generating  plants 
with  a total  capacity  of  803  megawatts  located  in  Kanawha  County. 
Under  present  regulated  flow  conditions,  temperatures  in  the 
stream  apparently  do  not  exceed  the  maximum  suggested  temperature 
of  93°F.  However,  as  industrial  activity  increases  and  heat 
discharges  increase,  off-stream  treatment  of  cooling  water  may 
be  required  to  control  in-stream  temperatures. 

Mine  drainage  affects  many  minor  tributaries  in  the  basin 
especially  in  the  Coal  River  subbasin.  However,  main  stem  reaches 
are  not  adversely  affected  except  to  increase  hardness  and  iron 
content.  These  discharges  must  be  controlled  at  their  source  in 
order  to  correct  stream  conditions. 
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Little  Kanawha  River  Basin 


Present  and  Projected  Waste  Loads 

Present  base  municipal  and  industrial  organic  waste  loads 
generated  are  shown  in  Table  12b.  The  majority  of  the  industries 
within  the  Little  Kanawha  River  Basin  are  concentrated  in  the 
Parkersburg , Wood  County,  West  Virginia,  area  at  the  mouth  of 
the  Little  Kanawha  River.  The  present  pool  of  the  Ohio  River 
extends  to  mile  point  3.8  of  the  Little  Kanawha  River  and  the 
industrial  activity  is  for  the  most  part  restricted  to  the  main 
stem  Ohio  River  and  this  pool  area.  About  9^  percent  of  the 
total  estimated  base  industrial  organic  load  generated  for  the 
Little  Kanawha  River  Basin  is  located  in  this  pool  area. 

Consideration  of  the  extent  of  the  pool  area  is  quite 
important  since  the  water  quality  of  the  Little  Kanawha  River 
above  this  pool  is  much  better  than  that  of  the  Ohio  River  at 
this  point.  Also,  this  pool  area  has  an  embayment  action  due 
to  the  fact  that  the  flow  of  the  Little  Kanawha  River  is  extremely 
smnl  1 in  comparison  with  that  of  the  Ohio  River.  The  new 
Belleville  Dam  on  the  Ohio  River,  to  be  completed  by  1968,  will 
increase  the  slackwater  of  the  Little  Kanawha  River  to  about 
mile  point  22. 

Table  13b  contains  the  base  and  projected  waste  loads 
generated  for  the  minor  areas.  Waste  loads  are  projected  to 
increase  on  an  average  of  1.4  times  by  the  year  1980,  2.1  times 
by  2000,  and  2.9  times  by  2020. 


Water  Quality  Control  Problems 


TABLE  14b 


LITTIE  KANAWHA  RIVER  BASIN 

Present  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 

Vicinity 

Economic 

Area 

Approximate  Beginning  Date 
Present  I960  2000  2020 

Little  Kanawha 
River 

Mile  point 
3.8  to 
mouth 

X 

Little  Kanawha 
River 

Mile  point 
22  to  mouth 

X 

The  possible  water  quality  control  problem  within  the 
Little  Kanawha  River  Basin  is  that  of  the  Ohio  River  pool  area 
at  its  mouth.  The  existing  3.8  mile  pool  area  is  degraded  from 
industrial  wastes  and  also  from  the  lower  water  quality  of  the 
Ohio  River  as  compared  to  that  of  the  Little  Kanawha  River  water. 

Recent  studies  indicate  a serious  sedimentation  problem  in  the 
main  stem  of  the  Little  Kanawha  because  of  soil  characteristics 
and  low  gradient  of  the  stream.  Even  with  good  land  use  and  con- 
servation practices,  it  is  believed  sedimentation  of  the  stream  channel 
will  continue  to  be  a problem  during  low  flow  periods  when  stream 
velocities  are  low.  When  the  Belleville  Locks  and  Dam  beccme  operable, 
it  is  estimated  that  flows  in  the  order  of  300  cfs  will  need  to  be 
maintained  at  the  head  of  the  backwater  area  to  provide  acceptable 
water  quality  after  secondary  treatment  of  all  organic  wastes  and 
silt-reduction  remedial  measures  are  applied. 
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TABLE  la 


.•lANAWHA  river  basin 
Counties  in  Basin 


State 

County 

North  Carolina 

* 

Alleghany 

11  rr 

* 

Ashe 

Virginia 

* 

Bland 

West  Virginia 

* 

Boone 

II  II 

* 

Braxton 

II  II 

Cabell 

Virginia 

* 

Carroll 

West  Virginia 

* 

Clay 

Virginia 

Craig 

West  Virginia 

* 

Fayette 

Virginia 

* 

Floyd 

II 

* 

Giles 

II 

* 

Grayson 

West  Virginia 

* 

Greenbrier 

II  II 

Jackson 

II  II 

* 

Kanawha 

l»  II 

Lincoln 

II  II 

Logan 

II  II 

Mason 

II  II 

* 

Mercer 

II  II 

* 

Monroe 

Virginia 

* 

Montgomery 

West  Virginia 

* 

Nicholas 

II  II 

* 

Pocahontas 

Virginia 

* 

Pulaski 

West  Virginia 

* 

Putnam 

II  II 

* 

Raleigh 

II  II 

Randolph 

II  It 

* 

Roane 

Virginia 

Smyth 

West  Virginia 

* 

Summers 

Virginia 

Tazewell 

North  Carolina 

* 

Watauga 

West  Virginia 

* 

Webster 

Virginia 

* 

Wythe 

Percent  of  Land.  Area  in  Basin 

99-1 

100.0 

86.8 

86.1 

55.2 

3.5 
88.0 
96.9 
15.0 

100.0 

89.3 

95.4 

100.0 

100.0 

15.3 

100.0 

11.6 

13.7 

46.8 

100.0 

84.6 

44.4 

100.0 

96.4 

100.0 

76.3 

83.7 
8.7 

50.3 

6.5 

100.0 

26.4 

36.1 

96.4 

100.0 


♦Counties  considered  in  the  Projective  Economic  Study  of 
the  Kanawha  River  Basin. 


TABLE  2a 


KANAWHA  RIVER  BASIN 
Major  tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
Sq.  Miles 

Length  of 
Stream 
(miles) 

Kanawha  River 

12,300 

97 

Elk  River 

1,540 

172 

Gauley  River 

1,440 

104 

New  River 

6,920 

320 

1/ 

Greenbrier  River^ 

1,500 

165 

l/  Tributary  of  New  River. 


Miles  from 
confluence 
with  Ohio  River 

0 

58 

97 

97 

l6l 
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TABLE  lb 


LITTLE  KANAWHA  RIVER  BASIN 
Counties  in  Basin 


State 

County 

Percent  of  Land  Area  in  Basin 

West  Virginia 

* 

Braxton 

44.8 

It  II 

* 

Calhoun 

100.0 

It  It 

* 

Clay 

3.1 

II  II 

Doddridge 

20.3 

II  If 

* 

Gilmer 

100.0 

II  II 

J 

Lewis 

37.5 

II  II 

* 

Ritchie 

100.0 

II  II 

* 

Roane 

41.2 

II  II 

Upshur 

17.0 

II  II 

* 

Webster 

3.6 

II  II 

* 

Wirt 

99-1 

II  II 

Wood 

54.1 

♦Counties  considered  in  the  Projective  Economic  Study  of  the 
Kanawha  and  Little  Kanawha  River  Basins. 


TABIE  2b 


Little  Kanawha  River 


2,320 


Hughes  River 


North  Fork  50 
South  Fork  40 
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TABLE  4 


J 


KANAWHA-LITTLE  KANAWHA  RIVER  BASINS 
Reservoirs  - Area  100  Acres  or  Greater 


Pool 

Storage  (acre-feet) 

Area?/ 

Flood  Water 

Name 

Purpose 

(acres) 

Control  Supply  Other 

Blue stone 

F, 

R 

1,970 

600,100 

36.500 

Claytor 

P, 

R 

4,540 

232,000 

Summer svi lie 

F, 

R,  A 

2,723^ 

390,800 

I63,40oi/ 

Sutton 

F, 

R,  A 

1,520^/ 

261,200 

60,100^/ 

Byllesby 

P 

335 

3,540 

Stevens  Branch  L. 

R 

303 

6,000 

Hawks  Nest 

P 

243 

7,346 

Plum  Orchard  Lake 

R 

202 

2,625 

Sherwood  Lake 

R 

164 

4,020 

Moncove  Lake 

R 

135 

2,284 

Little  River 

P 

113 

1,020 

Glade  Creek 

W 

110 

1,230 

Flattop  Lake  Assn. 

R 

225 

1/  Low  flow  regulation  - seasonal. 

5/  Pool  maintained  during  summer  season,  except  as  noted. 
F - Flood  Control 
P - Hydroelectric  Power 
A - Low  Flow  Regulation 
R - Recreation 
W - Water  Supply 
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Adjusted 

Excerpted  from  "Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Study" 

Unmodified  flows 
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TABLE  8a 


L 


KANAWHA  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  Subarea 

West  Virginia 

Cabell 

H-2 

Ohio-Hunt  ingt on 

Virginia 

Craig 

* 

West  Virginia 

Jackson 

H-3 

Ohio- Huntington 

II  II 

Lincoln 

J-3 

Guyandotte-Big  Sandy-Little  Sandy 

II  II 

Logan 

J-  3 

Guyandotte-Big  Sandy-Little  Sand? 

II  II 

Mason 

H-3 

Oh i o- Hunt ingt  on 

II  II 

Randolph 

B-2 

Monongahela 

Virginia 

Smyth 

* 

II 

Tazewell 

* 

* - Not  included  in  Projecti.e  Economic  Study  of  Ohio  River  Basin. 


TABLE  8b 

LITTLE  KANAWHA  RIVER  BASIN 


Counties 

Considered  in  Economic 

Base 

of  Adjoining  Subareas 

State 

County 

Included  in  Economic  Subarea 

West  Virginia 

Doddridge 

E-l 

Upper  Ohio 

II  II 

Lewis 

B-l 

Monongahe la 

II 

II 

Upshur 

B-2  Monongahe la 

It 

II 

Wood 

E-l  Upper  Ohio 

j 
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KANAWHA  RIVER  BASIN 


LITTLE  KANAWHA  RIVER  BASIN 


GRAND  TOTAL  7.3  10.6  15-4  21.9 


TABLE  l?a 


West  Va.  Boone  3 3 >100  Little  Goal  River,  Coal  River  3 >100  ^>700 

Fayette  8 13 >330  Kanawha  River,  Creeks  13,300  5,400 

Raleigh  5 19>9^0  Piney  Creek,  Little  Whitestick  Crk. 19,940  9,600 

Subtotal  IS”  36,370  36,370  17,700 
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KANAWHA  RIVER  BASIN 


Industrial  3 >200  10,400  24,800  5^ >000 

Subtotal  11,100  24,500  53,600  105,400 
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TABLE  13b 


Domestic  and  Commercial  Total  9>7CO  10,500  13,300  17,700 

Industrial  Total  110,300  159,000  233,1+00  331,600 

GRAND  TOTAL  170,0  ;0  169,500  " 1+6,700  31+9,300 
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I SUMMARY 


At  the  low  rate  of  economic  growth  projected  for  the  combined 
Guyandotte,  Big  Sandy  and  Little  Sandy  Basins,  increases  in  water 
supply  needs  can  be  met  from  existing  sources  with  only  minor  modifi- 
cations. Only  one  water  system  in  the  region  serves  more  than  10,000 
people . 


Water  Quality  Control  Problems 


Many  of  the  communities  in  this  basin  are  partially  sewered. 

In  the  event  that  sewer  systems  are  extended  in  these  areas,  there 
could  be  an  increase  in  municipal  organic  waste  loading  discharged 
to  the  streams  without  an  increase  in  population.  Design  streamflows 
are  adequate  to  meet  these  needs  without  modification.  If  a large 
water  using  industry  were  to  locate  in  the  Big  Sandy  or  Guyandotte 
Basins,  there  could  then  be  a need  for  flows  to  assimilate  wastes 
even  after  secondary  treatment. 


Quality  is  irregular  in  the  lover  reach  of  the  Big  Sandy  in 
pool  behind  Greenup  Dam  on  the  Ohio  River.  There  have  been  taste, 
odor,  and  hardness  prooiems  reported  recently  in  this  area  and  flow 
regulation  would  assure  better  water  quality. 


Progress  is  being  made  and  should  continue  to  be  pressed  in 
removing  coal  washing  fines  from  discharges  to  the  headwater  streams 
and  tributaries  of  the  Guyandotte  and  Big  Sandy  Rivers. 


II  DESCRIPTION  OF  STUDY 


The  Guyandotte,  Eig  Sandy,  and  Little  Sandy  River  Basins  lie 
in  southwestern  Vest  Virginia  and  eastern  Kentucky.  The  rivers 
drain  a hilly  to  mountainous  area  extending  from  just  south  of 
Portsmouth,  Ohio,  on  the  northwest,  to  southwestern  Virginia  on  the 
south  side  and  nearly  as  far  east  as  Bluefield  and  Beckley,  West 
Virginia,  on  the  southeast.  The  Eig  Sandy  River  and  Tug  Fork 
form  the  entire  length  of  the  Kentucky-West  Virginia  boundary.  The 
combined  drainage  area  is  6,67^  square  miles.  On  the  west  are  the 
Tygarts  Creek,  Licking  River  and  Kentucky  River  drainage  areas.  To 
the  south,  drainage  is  to  the  Tennessee  River,  and  to  the  east,  to 
the  Kanawha  River.  The  basins  are  shown  on  Figure  6-1,  page  0-5? . 


Guyandotte  River  Basin 

Location  and  Boundaries 

The  Guyandotte  River  Basin  is  located  in  the  mountains  of 
southwestern  West  Virginia.  It  is  the  easternmost  of  the  basins 
considered  in  this  group.  Its  drainage  area  is  1,670  square  miles, 
approximately  7 percent  of  the  area  of  the  State.  The  Big  Sandy 
River  Basin  is  to  the  west  and  the  Kanawha  River  Basin  is 
on  the  eastern  side.  The  Guyandotte  River  has  its  source  near  Rhode  11, 
West  Virginia,  in  the  southern  portion  of  Raleigh  County  at  the  con- 
fluence of  Winding  Gulf  and  Stone  Coal  Creeks.  It  flows  in  a westerly 
direction  for  approximately  50  miles  to  the  town  of  Gilbert,  where 
it  turns  north  and  continues  for  115  miles  before  discharging  into 
the  Ohio  River  at  Huntington,  about  305  miles  below  Pittsburgh, 
Pennsylvania.  The  only  major  tributary  is  the  Mud  River,  which  drains 
35b  square  miles  and  enters  the  Guyandotte  at  Barbours vi ! le , seven 
miles  from  the  mouth.  Many  small  upper  basin  tributaries  drain  the 
important  coal  mining  areas  in  Logan,  Wyoming  and  part  of  Raleigh 
Counties.  Table  la  lists  the  eight  counties  which  lie  wholly  or 
partly  in  the  basin.  Table  2a  summarizes  pertinent  information  about 
the  Guyandotte  River  and  its  major  tributary. 
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Physical  Features 


The  topography  of  the  basin  is  —ountainous  and 
consists  of  a maze  of  hills  and  valleys,  Elevation  above  sea  level 
within  the  basin  ranges- from  under  1,000  feet  in  the  extreme  lower 
portion  of  the  basin  to  between  2,000  and  f,000  feet  in  the  middle 
and  upper  portions  of  the  basin.  The  slope  o:  the  upper  half  of  the 
river  averages  11  feet  per  mile.  In  the  lover  71  miles,  it  averages 
1.8  feet  per  mile.  The  Mud  River  follows  tne  wide  valley  of  the 
ancient  Teays  River  for  much  of  its  lower  length. 

There  are  no  natural  lakes  or  large  reservoirs  in  the  basin 
at  the  present,  but  the  Corps  of  Engineers  is  planning  a reservoir 
on  the  Guyandotte  River  above  Logan,  West  Virginia. 

A large  portion  of  the  basin  area  is  covered  with  second 
growth  timber,  and  the  remainder  is  chiefly  pasture  land.  Natural 
gas  is  found  in  the  northern  part.  There  are  coal  seams  'under 
about  85  percent  of  the  basin. 

Climate 


The  climate  of  the  basin  is  of  the  continental  type  with  a 
growing  season  of  about  l60  days.  Precipitation  is  fairly  well 
distributed  throughout  the  year,  although  the  most  occurs  in  summer 
and  the  least  in  the  fall.  The  mean  annual  precipitation  for  the 
basin  varies  from  about  40  inches  in  the  lower  portion  to  about  45 
inches  in  the  upper  portion.  Mean  temperature  varies  from  36°F  in 
January  to  75°F  in  July  with  an  annual  mean  of  approximately  50°F- 

Principal  Communities  and  Industries 

There  are  three  ma.jor  communities  in  the  area.  Populations 
of  these  towns  from  1910  to  i960  are  given  in  Table  3a.  Underground 
coal  mining  has  been  the  mainstay  of  the  economy,  and  many  of  the 
small  industries  in  the  area  are  support  industries  for  mining. 

There  is  a small  agricultural  contribution  to  the  economy 
although  the  terrain  is  too  steep  to  permit  farming  on  a large  scale. 
Hay  and  corn  are  the  main  crops  on  an  acreage  basis.  Perhaps  20 
percent  of  the  land  in  the  basin  is  given  over  to  pasture  crops. 

Logan  and  Wyoming  counties  have  some  natural  gas  production. 
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Rig  Sandy  River  Basin 

Location  and  Boundaries 

The  Big  Sandy  River  Basin  is  the  central  basin  of  the  three 
discussed  in  this  portion  of  the  study.  The  Big  Sandy  River  is 
formed  by  the  junction  of  Tug  and  Levisa  Forks  at  Louisa,  Kentucky, 
and  flows  northerly  27  miles  to  enter  the  Ohio  River  about  10  miles 
downstream  from  Huntington,  West  Virginia.  It  drains  ^,280  square 
miles,  of  which  2,325  are  drained  by  Levisa  Fork  and  1^555  by  Tug 
Fork.  Levisa  Fork  rises  in  southwest  Virginia  and  flows  north  for 
3^  miles  in  Virginia  and  130  miles  in  Kentucky  to  Louisa.  Tug  Fork 
rises  in  southwestern  West  Virginia  and  flows  northwest  about  60 
miles  to  Kentucky,  whence  it  forms  the  boundary  with  West  Virginia 
for  about  04  miles.  Principal  tributaries  of  Levisa  Fork  are 
Russell  Fork,  Beaver  Creek,  and  Johns  Creek,  each  of  which  drains 
more  than  200  square  miles.  On  the  east,  the  basin  is  bounded  by  the 
Guyandotte  River  Basin,  on  the  south  by  the  Tennessee  River  Basin, 
and  on  the  west  by  the  Kentucky,  Licking  and  Little  Sandy  River  Basins. 
Table  lb  lists  the  17  counties  which  lie  wholly  or  partly  in  the  baain. 
Table  2b  summarizes  pertinent  data  about  the  Big  Sandy  River  and  its 
major  tributaries. 

Physical  Features 

The  Big  Sandy  River  watershed  varies  from  mountainous  terrain 
in  its  upper  portions  to  hilly  areas  along  Big  Sandy  River.  Slopes 
of  the  main  stream,  Levisa  Fork  below  Russell  Fork,  and  the  lower 
65  miles  of  Tug  Fork  average  1.3  to  2.3  feet  per  mile. 

There  is  one  reservoir  in  the  basin  now  and  three  other  large 
scale  dams  are  under  construction.  Dewey  Reservoir  on  Johns  Creek 
was  constructed  and  is  operated  by  the  Corps  of  Engineers  as  a unit 
of  the  coordinated  system  for  Ohio  River  Basin  flood  control.  Fishtrap 
Reservoir  on  Levisa  Fork,  John  W.  Flannagan  reservoir  on  Pound  liver,  and 
a reservoir  on  the  North  Fork  Pound  River  are  presently  under  construc- 
tion by  the  Corps  of  Engineers.  These  reservoirs  are  operated  primarily 
for  flood  control  with  some  storage  desi«mated  for  quality  control. 

Climate 

A station  at  Williamson,  West  Virginia,  provides  records  which 
indicate  generally  the  climate  of  the  watershed.  The  average  temperature 
in  January  is  38°F  and  in  July  it  is  78°F.  Mean  annual  precipitation 


over  the  62  years  of  record  was  43.7  inches.  The  maximum  monthly- 
precipitation  was  11.9  inches,  and  the  minimum  monthly  figure  was 
0.1  inches.  The  average  frost-free  period  is  from  April  13  to 
October  26,  197  days. 

Principal  Communities  and  Industries 

The  largest  communities  in  the  Big  Sandy  River  Basin  are 
Williamson,  Welch,  and  War,  West  Virginia;  and  Jenkins,  Pikeville, 
Paintsville,  and  Prestonsburg,  Kentucky.  Populations  of  these 
communities  from  1910  to  i960  are  given  in  Table  3h.  The  principal 
economic  activities  are:  mining,  processing,  and  transporting  of 
coal;  fanning;  gas  and  oil  production;  and  lumbering.  Corn,  potatoes, 
oats,  wheat,  tobacco,  and  hay  are  the  principal  crops.  Lumbering 
is  of  considerable  importance  in  the  upper  basin. 


j 
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Little  Sandy  River  Basin 

Location  and  Boundaries 

The  Little  Sandy  River  Basin  is  the  westernmost  of  the  basins 
discussed  in  this  section.  It  is  located  in  northeastern  Kentucky 
and  is  bounded  on  the  west  by  Tygarts  Creek  Easin,  on  the  southwest 
by  Licking  River  Basin,  and  on  the  east  by  Big  Sandy  River  Basin. 

The  Little  Sandy  River  rises  about  6 miles  southwest  of  Sandy  Hook, 
Kentucky,  and  flows  generally  northeast  64  miles  along  a torturous 
course  to  its  confluence  with  the  Ohio  River  at  Greenup,  Kentucky, 
about  33c  miles  below  Pittsburgh,  Pennsylvania.  Table  1c  presents 
information  about  the  6 counties  w;.ich  have  a portion  of  their  land 
area  in  the  Little  Sandy  Basin.  Table  2c  gives  pertinent  data  about 
the  major  tributaries  of  the  Little  Sandy  River. 


The  watershed  is  similar  to  the  others  described  in  this 
section,  gene. ally  hilly  to  mountainous  in  its  terrain.  The  Little 
Sandy  valley  itself  is  a^out  2,900  feet  wide  below  Grayson  and  about 
tOO  feet  wide  above  Sandy  Hook.  Between  Sandy  Hook  and  Grayson,  the 
river  flows  about  35  miles  through  a meandering  canyon. 


The  Grayson  Reservoir,  now  under  construction  by  the  Corps  of 
Engineers,  will  contain  runoff  from  the  headwaters  region  of  the 
basin  and  be  the  major  tody  o:  surface  water  in  the  area. 
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Climate 


The  climate  of  this  basin  is  similar  to  that  of  the  other 
basins  described  in  this  portion  of  the  report. 

Principal  Communities  and  Industries 

Grayson  is  the  major  community  in  the  area.  Populations  of 
this  city  from  1910  to  i960  are  given  in  Table  3c.  The  principal 
economic  activities  are  agriculture,  manufacturing,  mineral 
production,  and  lumbering.  Clay  and  limestone  are  the  principal 
natural  resources,  and  manufacture  of  refractory  products  is  a 
major  industrial  activity.  Coal  is  mined  in  small  quantities,  and 
petroleum  is  produced  in  commercial  quantities  in  the  extreme 
southeastern  part  of  the  basin.  There  axe  also  a number  of  sawmills 
in  the  region. 
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Ill  WATER  RESOURCES 


Guyandotte  River  Basin 

Surface  Water  Resources 
Quantity 

Surface  flows  are  unregulated  in  the  Guyandotte  River  Basin 
and  there  are  no  natural  lakes  in  the  basin.  The  Guyandotte  River 
has  relatively  large  dry  weather  flows,  probably  because  the  stream 
crosses  permeable  geologic  formations  which  consist  largely  of 
coarse  sandstone  interbedded  with  thin  layers  of  less  permeable 
shale,  siltstone,  limestone  and  coal.  Dry  weather  flow  in  the 
Mud  River  is  less  than  in  the  Guyandotte  indicating  less  permeable 
formations  along  its  reach.  Table  5 shows  streamflow  data  prepared  by 
the  Corps  of  Engineers  .£/ 

Quality 

Natural  quality  of  the  water  in  the  Guyandotte  River  Basin 
ranges  from  moderately  hard  to  hard.  Calcium  and  magnesium 
hardness  ranges  from  50  to  250  mg/l.  Low  flow  concentrations  of 
bicarbonate  and  sulfate  are  moderately  high  also  with  sulfate 
concentrations  ranging  from  16  to  260  mg/l.  Iron  and  manganese 
combined  concentrations  generally  exceed  0.3  mg/l.  In  addition  to 
natural  /ariations,  the  entire  length  of  the  Guyandotte  River  and 
many  of  its  tributaries  contain  fines  discharged  frcm  coal  washeries. 
At  Logan  the  turbidity  of  the  water  ranges  from  10  to  5>000  mg/l. 

Ground  Water  Resources 

Quantity 

Ground  water  resources  are  described  by  the  U.  S.  Geological 
Survey_/ and  the  following  discussion  has  been  condensed  from  their 
report . 

]J  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 

2/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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The  southern  half  of  the  Guyandotte  River  Basin  is  underlain 
by  the  permeable  sandstone,  conglomerate,  shale  and  coal  of  the 
Allegheny  and  Pottsville  formations.  Water  from  the  sandstones  are 
obtained  principally  frcrn  fractured  zones  and  secondary  openings. 
Deeper  wells,  100  to  400  feet  in  depth,  yield  100  to  300  gpm.  Wells 
deeper  than  this  may  tap  saline  water. 

Yields  to  wells  in  the  northern  part  of  the  basin  are  lower, 
ranging  fran  20  to  100  gpm.  In  the  Mud  River  subbasin,  the  yield  to 
wells  is  still  less,  ranging  up  to  20  gpm.  Alluvium  along  most  of 
the  valleys  yields  enough  water  for  domestic  uses  only. 

Quality 

Few  data  are  available  regarding  the  quality  of  ground  water 
in  the  basin.  Water  from  wells  in  the  southern  half  of  the  basin  are 
usually  high  in  iron  and  tend  to  have  sulfate  concentrations  of 
around  250  mg/l. 


Big  Sandy  River  Basin 

Surface  Water  Resources 
Quantity 

In  the  Big  Sandy  River  Basin,  in  the  Levisa  Fork  drainage 
area,  Dewey  Reservoir  on  Johns  Creek,  constructed  by  the  Corps  of 
Engineers,  regulates  flood  flows  and  provides  low  flow  supplementation. 
Three  other  reservoirs  are  under  construction.  Table  4 shows 
pertinent  data  regarding  these  impoundments. 

The  Tug  Fork  of  the  Big  Sandy  has  relatively  large,  dry 
weather  flows,  probably  due  to  the  stream  crossing  permeable 
geologic  formations  which  consist  mainly  of  coarse  sandstone  inter- 
bedded  with  thin  layers  of  less  permeable  shale,  siltstone,  limestone 
and  coal.  Dry  weather  flows  in  the  Levisa  Fork  of  the  Big  Sandy  and 
in  the  Big  Sandy  River  are  lower,  probably  due  to  the  presence  of 
extensive  shale  beds  at  or  near  the  surface. 

Table  5 shows  stream  data  prepared  by  the  Corps  of  Engineers!^. 

1/  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 
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Quality- 


Water  in  the  Tug  Fork  of  the  Big  Sandy  River  is  moderately 
hard  to  hard,  with  calcium  and  magnesium  hardness  ranging 
from  50  to  250  mg/l.  Sulfate  concentrations  in  the  Tug  Fork  range 
from  22  to  386  mg/l.  Iron  and  manganese  combined  concentrations 
generally  exceed  0.3  mg/l. 

Few  quality  data  are  available  on  the  Levisa  Fork. 

Ground  Water  Resources 
Quantity 

Ground  water  resources  are  reported  by  the  U.  S.  Geological 
Survey -V and  the  following  discussion  has  been  condensed  from  their 
report . 


The  southern  half  of  the  Big  Sandy  River  Basin  is  underlain 
by  the  permeable  sandstone,  conglomerate,  shale  and  coal  of  the 
Allegheny  and  Pottsville  formations.  Water  from  these  sandstones 
is  obtained  principally  from  fractured  zones  and  secondary  openings. 
Deeper  wells  up  to  300  feet  yield  50  to  200  gpm  in  the  Kentucky 
portion  of  the  region,  and  deep  wells  of  100  to  kOO  feet  yield  100  to 
300  gpm  in  the  West  Virginia  portion  of  the  basin. 

Yields  to  wells  in  the  northern  part  of  the  basin  range  frcm 
20  to  100  gpm.  Alluvium  along  most  of  the  valleys  yields  enough 
water  for  domestic  uses  only. 

Quality 

Waters  from  the  southern  half  of  the  basin  are  usually  high 
in  iron  and  tend  to  have  sulfate  concentrations  of  around  250  mg/l, 
but  few  data  are  available  beyond  this. 


Little  Sandy  River  Basin 

Surface  Water  Resources 
Quantity 

Surface  flows  are  presently  unregulated  in  the  Little  Sandy 
River  but  a reservoir  above  Grayson,  Kentucky,  is  under  construction 

l/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
— Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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by  the  Corps  of  Engineers  and  will  be  operated  for  flood  control 
and  low  flow  regulation.  Table  4 shows  pertinent  data  regarding 
the  aforementioned  impoundments.  Shown  in  Table  5 are  streamflow 
data  prepared  by  the  Corps  of  Engineers.—'  Natural  dry  weather  flows 
in  the  Little  Sandy  River  are  low,  but  releases  from  Grayson  Reservoir 
will  provide  low  flow  regulation. 

Quality 

Little  information  is  available  but  the  chemical  characteristics 
of  water  from  the  Little  Sandy  are  probably  similar  to  those  in  the 
Guyandotte  and  Big  Sandy  River  Basins. 

Ground  Water  Resources 

Quantity 

Yields  to  wnlls  in  the  Little  Sandy  River  Basin  from  bedrock 
formations  as  reported  by  the  U.  S.  Geological  Survey/  range  from 
20  to  100  gpm. 

Quality 

Little  information  is  available  regarding  the  quality  of  the 
ground  water  in  the  basin,  but  water  is  probably  moderately  hard  to 
hard  and  contains  undesirable  concentrations  of  iron  and  manganese. 


1 / Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 

2 / Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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IV  THE  ECONOMY 


j 
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Approximately  one-half  of  the  Guyandotte-Big  Sandy- Little 
Sandy  subarea  lies  in  eastern  Kentucky  and  one-half  in  western 
West  Virginia.  Included  are  the  two  Virginia  counties  of  Dickenson 
and  Buchanan.  To  facilitate  estimates  of  future  water  requirements 
and  waste  loads,  the  subarea  has  been  divided  into  three  minor  areas, 
J-l,  J-2,  and  J-3.  The  J-l  area  includes  the  northern  two  counties 
encompassing  the  upper  reaches  of  Tygarts  Creek,  considered  as 
main  stem  drainage,  and  the  Little  Sandy  River.  The  J-2  area  is 
roughly  coextensive  with  the  watershed  of  the  Levisa  Fork  of  the 
Big  Sandy  River  and  the  upper  reaches  of  the  Tug  Fork  of  the  Big 
Sandy  River  and  encompasses  five  counties  in  Kentucky,  two  in 
Virginia  and  one  in  West  Virginia.  J-3  contains  the  middle  and  upper 
reaches  of  the  Guyandotte  River  and  encompasses  four  West  Virginia 
counties.  The  counties  in  each  area  are  listed  in  Tables  6 and  7 
and  shown  on  Figure  6-1,  page  6-53.  The  entire  subarea  lies  in  the 
area  designated  as  Appalachia. 

Economic  Profiles 

Minor  Area  J-l 

Population  decreased  8.8  percent  between  1950  and  i960,  to 
27,100  in  i960  in  this  sparsely  settled  area.  Average  per  capita 
personal  income  at  $812  is  well  below  the  $1,322  average  for  Kentucky. 
The  largest  community  in  the  basin  is  Grayson  with  a population  of 
1,700. 


Manufacturing  is  the  most  important  employment  category.  The 
area  had  five  establishments  hiring  over  100  employees  in  1964.  The 
most  important  employment  industries  are  other  durables,  printing 
and  publishing,  furniture  and  wood  products,  and  primary  metals. 

Agricultural  employment  declined  at  an  average  annual  rate  of 
8.1  percent  between  1950  and  I960.  However,  the  total  value  of  farm 
products  sold  in  1959  remained  at  about  the  1954  level  of  $3.7  millior. 
Seventy-eight  percent  of  the  total  value  was  derived  from  the  sale 
of  field  crops.  Less  than  20  acres  were  irrigated  in  1959. 
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The  most  important  mining  categories  in  i960  were  coal,  crude 
oil,  and  clay  production.  Of  the  three,  clay  extraction  predominated 
with  203,000  tons  produced  equaling  21  percent  of  the  total  production 
in  Kentucky.  Coal  and  oil  activity  were  relatively  less  important, 
36,000  tons  and  93,000  barrels  being  produced  respectively,  both 
representing  less  than  one  percent  of  total  State  production. 

Minor  Area  J-2 

The  population  in  minor  area  J-2  was  280,300  in  i960.  Average 
per  capita  income  was  well  below  the  average  of  that  for  Kentucky, 
being  $867  and  $1,322  respectively.  Figures  taken  from  the  same 
source  give  average  per  capita  income  for  the  Nation  as  $1,850.  The 
largest  community  in  this  minor  area  is  Pikeville  with  a population 
of  over  4,700. 

Mining  is  by  far  the  most  important  employment  category. 
Forty-one  percent  of  total  eng>loyment  was  engaged  in  mining  in  i960. 
Coal  production  reached  12.3  million  tons  in  that  year  and  579>4°0 
barrels  of  crude  oil  were  extracted. 


Manufacturing  is  limited  to  small  and  dispersed  establishments, 
the  area  having  no  plants  in  1^64  hiring  as  many  as  100  employees. 

The  most  important  employment  industries  were  furniture  and  wood 
products,  food  processing,  printing  and  publishing,  and  machinery 
(including  electrical  machinery).  One  thermal  electrical  plant  is 
located  in  Lawrence  County  with  265  megawatt  generating  capacity. 

Agricultural  employment  fell  from  9>?00  in  1950  to  1,700  in 
1^60,  and  250,000  acres  were  taken  out  of  farm  production  between 
195U  and  1959.  The  total  value  of  farm  products  sold  between  195*+ 
and  1959,  however,  has  been  maintained  at  about  the  1959  figure  of 
$3.4  million.  Field  crops  and  livestock  products  each  accounted  for 
about  half  of  the  total.  Less  than  200  acres  were  irrigated. 

Minor  Area  J-3 

Total  population  in  I960  amounted  to  156,400  in  this  minor 
area.  Average  per  capita  inccme  was  $1,055  as  compared  to  $1,3?8  for 
West  Virginia.  The  largest  community  in  the  area  is  Williamson 
with  a population  of  just  over  6,700. 


Mining  is  the  most  important  employment  category,  and 
practically  all  activity  is  confined  to  coal  and  gas  extraction.. 

In  i960,  32.9  million  tons  of  coal  were  produced  equaling  27.7 
percent  of  total  production  in  West  Virginia.  Production  data  on 
gas  and  oil  are  not  available,  but  data  on  the  number  of  drilled 
wells  are  available.  In  1963,  three  producing  oil  wells  and  51 
producing  gas  wells  were  drilled.  In  West  Virginia  as  a whole,  at 
this  time,  97  producing  oil  wells,  64l  producing  gas  wells  and  219 
combination  gas  and  oil  wells  were  completed. 

Manufacturing  is  characterized  by  small  and  dispersed  plants, 
none  of  which  employed  100  workers  or  more.  The  most  important 
employment  industries  are  furniture  and  wood  products,  food  processing, 
machinery  (including  electrical  machinery),  and  printing  and 
publishing. 

Agricultural  employment  declined  76.9  percent  between  1950  and 
i960,  and  105,000  acres  were  taken  out  of  production  between  1954  and 
1959.  Even  so,  the  total  value  of  farm  products  sold  has  remained 
at  approximately  the  1954  figure  of  $1.2  million.  Less  than  50  acres 
were  irrigated  in  1959. 

Projected  Population  and  Industrial  Activity 

Population  of  the  Guyandotte-Big  Sandy-Little  Sandy  subarea, 
according  to  the  Projective  Economic  Study,  is  expected  to  decrease 
from  463,800  in  i960  to  401,300  by  1980  and  to  355,000  by  2020. 

This  represents  a decrease  in  the  subarea's  share  of  Ohio  River 
Basin  population  from  2.4  percent  in  i960  to  1 percent  by  2020. 

Table  6 shows  the  base  and  projected  populations  for  the 
J-l,  J-2  and  J-3  minor  areas. 

Manufacturing  output  is  expected  to  increase  from  $139-3  million 
in  i960  to  $598.9  million  in  2010,  while  agricultural  output  is 
projected  to  decrease  from  $40.1  million  in  i960,  to  $29  million  by 
1980  to  $1.9  million  by  2010. 

Table  7 shows  i960  output,  total  employment,  and  manufacturing 
employment.  Projections  to  1980,  2000  and  2020  for  the  minor  areas 
are  shown  as  indices  using  i960  as  the  base. 


Since  this  entire  subarea  is  in  the  area  designated  as 
Appalachia,  covered  by  the  Appalachian  Regional  Redevelopment 
Act  of  1965  (PL  69-4),  these  projections  will  be  subject  to 
review  based  on  the  findings  of  the  Appalachian  Regional 
Carnal ss ion  survey  currently  underway. 

In  addition  to  the  counties  included  in  Guyandotte-Big  Sandy- 
Little  Sandy  subarea  in  the  Projective  Economic  Study,  other 
counties  have  land  areas  within  the  respective  basins.  These 
counties  are  listed  in  Tables  8a,  8b  and  8c  for  the  three  separate 
drainage  areas. 
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V WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


Guyandotte  River  Basin 
Present  and  Projected  Water  Use 

There  are  66  central  water  supply  systems  in  the  Guyandotte 
River  Basin,  serving  a population  of  60,000.  The  average  daily 
water  use  is  4.8  mgd,  amounting  to  80  gallons  per  capita  daily 

use. 

In  the  basin,  the  amount  of  water  used  for  municipal  supplies 
is  very  nearly  equally  divided  between  ground  and  surface  sources. 

The  largest  water  use  is  recorded  in  Logan  County,  West  Virginia, 
accounting  for  almost  60  percent  of  the  total  water  use  in  the  basin. 

) The  largest  municipal  supply  in  the  basin  is  located  in  this  county 

at  Logan,  West  Virginia,  serving  15,270  people,  with  an  average 
daily  use  of  1.200  mgd  and  accounting  for  about  25  percent  of  the 
total  water  use  in  the  basin.  The  remaining  municipal  systems,  while 
numerous  are  relatively  small,  none  serving  more  than  5,000  people  with 
the  principal  source  of  supply  being  obtained  from  ground  sources, 
either  from  active  mines,  inactive  mines  or  wells. 

In  the  lower  basin,  the  largest  municipal  water  system  is  at 
Milton  in  Cabell  County,  West  Virginia,  on  the  Mud  River  serving 
2,500  people.  The  present  municipal  and  industrial  water  use  in  the 
basin  is  listed  by  county  and  totaled  for  economic  subareas  and  other 
areas  in  the  basin  in  Table  8a. 

Based  on  population  trends  and  projected  industrial  activity, 
estimated  water  use  will  increase  in  the  Guyandotte  River  Basin  as 
shown  in  Taole  10a.  It  is  estimated  that  total  municipal  and 
industrial  requirements  will  increase  only  slightly  by  2020.  In 
minor  area  J-3,  it  is  estimated  that  population  served  will  decrease, 
with  the  average  daily  water  use  remaining  fairly  constant  during 
the  projection  period.  In  other  areas  in  the  basin,  total  water  use 
is  projected  to  Increase  over  2.5  times,  but  the  total  water  use  by 
2020  is  estimated  to  be  but  2.7  mgd. 


i 
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Water  Supply  Problems 


The  projected  total  water  supply  figures  shown  in  Table  10a, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5,  and  availability 
of  ground  water  as  reported  by  the  U.  S.  Geological  Survey!./ were  used 
to  arrive  at  a judgment  as  to  need  of  future  development  of  sources 
of  water  supply. 

In  the  upper  and  middle  portions  of  the  basin  south  of  the 
Logan-Lincoln  county  line,  ground  water  from  bedrock  formations 
while  of  inferior  quality  is  plentiful  and  surface  supplies  appear 
to  be  adequate  to  meet  foreseeable  municipal  and  industrial  needs. 

In  the  lower  basin,  one  municipality,  Milton,  located  on  the  Mud 
River,  a tributary  of  the  Guyandotte  River,  serves  2,^00  people  from 
a surface  source.  Ground  water  is  present  in  only  small  quantities  in 
bedrock  formation  but  surface  supplies  have  evidently  been  adequate  in  the 
past  and  only  moderate  growth  is  projected  for  the  area.  However,  increased 
per  capita  use  will  probably  increase  the  demand  for  water.  This 
does  not  appear  to  be  a serious  problem  area  and  offstream  storage 
could  provide  additional  supply  during  periods  when  streamflows  are 
low. 


Big  Sandy  River  Basin 
Present  and  Projected  Water  Use 

There  are  110  central  water  supply  systems  in  the  Big  Sandy 
River  Basin,  serving  a population  of  122,000.  The  average  daily  water 
use  is  11.0  mgd,  amounting  to  90  gallons  per  capita  daily  use. 

The  present  municipal  and  industrial  water  use  in  the  basin  is  listed 
by  county  and  totaled  by  economic  subareas  and  other  areas  in  the 
basin  in  Table  9b. 

In  the  basin,  the  source  of  water  for  municipal  supplies  is 
about  equally  divided  between  ground  and  surface  sources.  The 
largest  water  use  is  in  McDowell  County,  West  Virginia  in  the  upper 
basin,  drained  by  the  Tug  Fork.  This  county  accounts  for  almost  66 
percent  of  the  total  water  use  in  the  basin.  While  water  systems  are 
numerous,  only  one  system  (War,  West  Virginia)  serves  a s many  as  4,500 
people.  One  of  the  larger  municipal  systems  is  located  at  Williamson, 
West  Virginia,  on  the  Tug  Fork  serving  a population  of  8,750.  On 

1/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 


Levisa  Fork,  Paintsville  in  Johnson  County,  Kentucky  serves  about 
6,700  people  and  Pikeville  in  Pike  County,  Kentucky  serves  almost 
6,000  people. 


Catlettsburg,  Kentucky,  serving  10,000  people  is  located  in 
the  lower  basin  and  has  the  largest  water  system  in  the  basin  in 
terms  of  population  served.  The  major  industrial  water  use  occurs 
also  in  this  reach  of  stream. 

Based  on  population  trends  and  projected  industrial  activity, 
estimated  water  use  will  increase  in  the  Big  Sandy  River  Basin  as 
shown  in  Table  10b.  It  is  estimated  that  total  municipal  and  indus- 
trial water  requirements  will  triple  by  2020.  The  major  increases 
will  probably  occur  in  or  about  the  present  centers  in  population 
and  industrial  activity. 

In  minor  area  J-2,  water  use  is  projected  to  increase  less 
them  twice  by  2020.  In  minor  area  J-3,  no  increase  is  projected 
in  water  use  by  2020.  In  other  areas  in  the  basin,  total  water  use 
is  projected  to  increase  about  3.5  times.  Most  of  this  increase 
will  be  industrial  use  in  the  lower  Big  Sandy  RjLver. 

Water  Supply  Problems 


The  projected  total  water  supply  figures  shown  in  Table  10b, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5,  and  availability 
of  ground  water  as  reported  by  the  U.  S.  Geological  Surveyf/were  used 
to  arrive  at  a judgment  as  to  need  of  future  development  of  sources 
of  water  supply. 


In  the  middle  and  upper  reaches  of  Tug  and  Levisa  Fork,  south 
of  the  north  boundary  line  of  Logan  and  Mingo  Counties  in  West 
Virginia  and  Martin  and  Floyd  Counties  in  Kentucky,  ground  water 
resources  in  the  bedrock  formations  appear  to  be  adequate  to  satisfy 
future  needs . At  the  present  time , water  supplies  in  this  portion 
of  the  basin  represent  85  percent  of  the  total  municipal  water  use 
in  the  basin.  North  of  the  aforementioned  line,  ground  water  is 
considered  to  have  less  potential  as  a source  of  supply  for  municipal 
and  industrial  needs.  The  larger  communities  in  the  Levisa  Fork 
drainage  area  are  Paintsville  and  Prestonsburg  serving  populations 
of  6,700  and  4,700  respectively.  These  communities  use  surface  water 
from  Levisa  Fork  and  supply  appears  to  adequately  meet  future  needs. 

1 / Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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Catlettsburg  obtains  its  supply  from  the  lover  reach  of  the 
Big  Sandy  River  in  pool  from  Greenup  Dan  and  should  not  experience 
a shortage  of  water  although  recently  problems  have  been  reported 
regarding  raw  water  quality. 


Little  Sandy  River  Basin 


Present  and  Projected  Water  Use 

There  are  only  two  central  water  supply  systems  in  the 
Little  Sandy  River  Basin  serving  3 >105  persons.  The  average  daily 
water  use  is  0.225  mgd,  amounting  to  73  gallons  per  capita  daily  use. 
The  present  municipal  and  industrial  water  use  in  the  basin  is  listed 
by  county  and  totaled  for  economic  subareas  and  other  areas  in  the 
basin  in  Table  9c. 

In  the  basin,  nearly  90  percent  of  the  municipal  water  use 
is  obtained  from  a surface  source  by  Grayson,  Kentucky,  the  largest 
water  using  community  in  the  basin. 

Based  on  population  trends  and  projected  industrial  activity, 
estimated  water  use  will  increase  in  the  Little  Sandy  River  Basin  as 
shown  in  Table  10c.  It  is  estimated  that  total  municipal  and 
industrial  water  requirements  will  double  by  2020. 

Water  Supply  Problems 


The  projected  total  water  supplv  ficmr^s  shown  in  Table  10c, 
the  1 day  in  30  years  low  flow  data  giv  ''1e  5,  and  availability 

of  ground  water  as  reported  by  the  U.  S.  u-  f-  weyi/vere  used 

to  arrive  at  a judgment  as  to  need  of  future  dev  ment  of  sources 
of  water  supply. 

Grayson,  presently  using  surface  water  from  the  L tie  Sandy 
River  as  its  source  of  supply,  has  a supply  of  raw  water  irely 
adequate  to  meet  future  needs.  Should  industrial  needs  develop  in 
this  area,  offstream  storage  may  be  required  to  meet  this  need  since 
ground  water  in  the  area  is  not  a dependable  source.  An  alternate 
source  of  additional  water  supply  could  be  found  in  Grayson  Reservoir, 
a Federal  multipurpose  project,  if  storage  can  be  reallocated.- 

l/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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TABLE  11 


GUYANDOTTE-BIG  SANT)Y-LITTLE  SANDY  RIVER  BASINS 


Muter  Supply  Problem  Areas 


Minor  Area  Present  1980  2000  2020 


No  problem  areas  within  the  scope  of  this  study. 
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VI  WATER  QUALITY  CONTROL 


Guyandotte  River  Basin 
Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  are  shown  in  Table  12a. 
The  larger  sources  of  municipal  waste  discharges  occur  at  Logan,  on 
the  middle  main  stem,  Mullens  in  the  headwaters  and  Milton  on  the 
lower  reaches  of  the  Mud  River.  Most  of  the  smaller  canmunities 
are  not  sewered  and  therefore  organic  waste  loads  generated  in 
these  communities  are  not  shown  in  Table  12a.  However,  if  these 
ccmnunities  are  eventually  sewered  there  could  be  significant 
increases  in  organic  wastes  to  the  streams  without  increases  in 
population. 

Shown  in  Table  13a  are  the  base  and  projected  waste  loads 
generated  for  the  minor  area.  Municipal  waste  loads  generated  are 
projected  to  decline  in  the  basin  but  will  be  offset  by  an  increase 
in  industrial  organic  waste  loads  resulting  in  a slight  increase  in 
total  organic  waste  loads  by  2020. 

Water  Quality  Control  Problems 

The  major  water  quality  control  problems  in  the  basin  are 
related  to  coal  mining  operations,  primarily  fines  and  silt  from, 
coal  washing.  Progress  is  being  made  through  efforts  of  the  West 
Virginia  State  Water  Resources  Commission  and  cooperation  of  mining 
companies  in  reducing  coal  washery  waste  pollution.  Removal  of 
these  wastes  can  be  accomplished  by  proper  construction  and  operation 
of  sedimentation  facilities  and  proper  storage  of  removed  solids  to 
prevent  washing  out  during  periods  of  heavy  rainfall. 

The  larger  source  of  organic  wastes  frcm  community  sewage 
discharges  occurs  at  Logan.  At  the  present,  the  sewered  population 
is  about  5>000  people.  However,  in  the  immediate  vicinity,  over 
15,000  people  are  served  by  the  Logan  central  water  system.  If  sill 
these  people  were  served  by  sewers  and  secondary  treatment  of  wastes 
are  performed,  the  design  flow  of  IS  cfs  is  adequate  to  assimilate 
the  residual  wastes.  However,  if  one  "wet"  industry  utilizing  the 
timber  resources  of  the  area  located  in  this  vicinity,  flows  in  the 


i 


L_. 
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order  of  50  to  100  cfs  would  be  needed  to  assimilate  treated 
wastes  fran  this  type  of  industry.  In  addition,  this  flow 
would  insure  a higher  quality  water  in  lower  reach  of  Guyandotte 
River  in  the  pool  fran  Greenup  Dam,  by  providing  sufficient 
velocity  for  continued  movement  of  residual  wastes  from  upstream 
sources  and  uncollectable  wastes  entering  the  stream  along  this 
reach. 

In  addition  to  the  coal  washery  wastes  discussed  previously, 
another  quality  problem  is  mine  drainage  pollution  in  many  of  the 
headwater  streams. 


Big  Sandy  River  Basin 

Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  are  shown  in  Table  12b. 
Organic  waste  loads  are  discharged  to  the  Tug  Fork  and  tributaries 
by  communities  in  McDowell  and  Mingo  Counties,  West  Virginia  and  to 
the  Levisa  Fork  and  tributaries  in  Buchanan  County,  Virginia  and 
Pike  and  Letcher  Counties,  Kentucky.  Many  of  the  smaller  communities 
with  central  water  supply  systems  are  not  sewered  and  therefore 
organic  waste  loads  generated  by  these  communities  do  not  appear 
in  Table  12b. 

Shown  in  Table  13b  are  base  and  projected  waste  loads  generated 
for  the  minor  areas.  Total  organic  waste  loads  generated  are  projected 
to  decline  generally  in  the  basin  with  the  municipal  waste  load  decrease 
not  being  entirely  offset  by  increased  organic  waste  loads  generated  by 
industrial  activity. 

Water  Quality  Control  Problems 

With  the  completion  of  high  level  dams  on  the  Ohio  River, 
favorable  conditions  for  industrial  development  now  exist  in  the 
lower  15  miles  of  the  Big  Sandy  River. 

The  major  water  quality  control  problem  in  the  basin  is  in  the 
Big  Sandy  River  below  Louisa,  Kentucky,  and  primarily  in  the  reach 
of  the  river  in  pool  from  Greenup  Dam.  It  has  been  noted  in  the  past 
year  that  during  periods  of  low  flow  in  the  Big  Sandy  River,  the  city 
of  Catlettsburg,  withdrawing  water  from  this  reach,  has  experienced 
taste  and  odor  problems  caused  by  nutrients  in  the  water  promoting 
algal  growths  at  lower  flows.  These  nutrients  are  reaching  the  stream 


as  residuals  from  upstream  sources  by  surface  runoff.  Uncollectable 
wastes  such  as  storm  water  overflows  from  combined  sewers  and  street 
washings,  enter  the  stream  along  this  reach.  In  order  to  assure  a 
higher  quality  of  water  in  this  reach  of  stream,  where  the  design 
flow  is  79  cfs,  by  providing  sufficient  velocity  for  continued 
movement  of  residual  wastes  and  uncollectable  wastes,  total  flow 
in  the  order  of  380  cfs  will  be  needed  by  19&0,  increasing  to  about 
525  cfa  in  2000,  and  to  550  cfs  by  2020. 

The  largest  community  in  the  Tug  Fork  subdrainage  basin  is 
Williamson,  West  Virginia,  where  the  design  flow  is  about  25  cfs. 

This  streamflow  is  sufficient  to  meet  the  needs  for  assimilation  of 
residual  organic  wastes  discharged  after  secondary  treatment. 

However,  assuming  a moderate  increase  in  industrial  activity  to 
make  use  of  the  surplus  labor  in  the  Williamson  area  assured  total 
flows  in  the  order  of  40  cfs  would  be  needed. 

In  the  Levisa  Fork  subbasin,  the  i960  population  in  each  of 
the  communities  of  Paintsville,  Prestonsburg  and  Pikeville  is  less 
than  5,000.  Design  streamflows  are  capable  of  assimilating  residual 
wastes  discharged  to  the  stream  at  these  points  after  secondary 
treatment  by  the  communities.  However,  should  a single  "wet  industry," 
such  as  a 200  ton  per  day  pulp  plant  locate  on  Levisa  Fork,  flows  in 
the  order  of  200  cfs  would  be  needed  to  assimilate  treated 
wastes  discharged  to  the  stream.  Considering  the  timber  resources 
in  the  area  this  is  a feasible  industrial  development. 

Other  present  or  potential  quadity  problems  are  heat,  fines  from 
coal  washing  and  mine  drainage.  The  major  source  oi  heat  release  to 
a stream  in  the  basin  is  from  a thermal  power  generating  plant 
located  near  Louisa,  Kentucky,  having  a capacity  of  265  megawatts. 

This  plant  uses  surface  water  as  a source  of  cooling  water  and  during 
periods  of  low  flow  causes  high  stream  temperatures  downstream  in  a 
localized  stream  reach.  Coal  mining  is  a major  industry  in  the 
upstream  reaches  of  the  basin  and  many  streams  are  affected  by  mine 
drainage  and  fines  from  coal  washing  operations.  Due  to  efforts  of 
the  States  in  the  basin,  mine  operators  are  improving  the  handling 
of  coal  fines.  Continuing  pressure  by  Virginia,  West  Virginia,  and 
Kentucky  agencies  should  be  exerted  to  eliminate  the  coal  fine 
problem.  Coal  fine  discharges  to  the  streams  usually  result  frcm 
carelessness  by  the  operators. 
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Little  Sandy  River  Basin 


Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  are  shown  in  Table  12c. 
There  is  only  one  community  in  the  basin  collecting  and  discharging 
sanitary  sewage  to  the  streams  of  the  basin.  Shown  in  Table  13c 
are  the  base  and  projected  organic  waste  loads  generated  for  the 
portion  of  the  minor  area  included  in  the  Little  Sandy  River  Basin. 
Total  waste  loads  generated  are  projected  to  increase  slightly  by 
2020. 

Water  Quality  Control  Problems 

Design  streamflow  should  be  sufficient  to  assimilate  projected 
residual  waste  loads  discharged  after  secondary  treatment. 

Coal  mining  is  an  industry  in  minor  area  J-l,  but  is  not  a 
source  of  serious  stream  pollution. 


TABLE  14 


GUYANDOTTE-BIG  SANDY-LITTLE  SANDY  RIVER  BASINS 
Present  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 


Vicinit 


Economic  Approximate  Beginning  Date 
Area  Present  1900  2000  2020 


No  problem  areas  within  the  scope  of  this  study. 
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TABUS  la 


GUYANDOTTE  RIVER  BASIN 
Counties  in  Basin 


State 

County 

Percent  of  Land 

West  Virginia 

Boone 

13.9 

ft  II 

Cabell 

65.1 

II  II 

* 

Lincoln 

85.2 

If  II 

* 

Logan 

86.3 

II  II 

* 

Mingo 

14.1 

II  II 

Putnam 

22.7 

ll  II 

Raleigh 

16.3 

ll  II 

* 

Wyoming 

100.0 

♦Counties  considered  in  Projective  Economic  Study  of 
Guyandotte  River  Basin. 


6-25 


TABLE  ?a 


GUYANDOTTE  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 


Length  of 

Miles  frcm 

Drainage  Area 

Stream 

confluence 

Tributary 

Sq.  Miles 

(mi les) 

with  Ohio  River 

Guyandotte  River 

1,671 

167 

0 

Mud  River 

358 

79 

7 

j 


I 


1 


A 
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TABLE  lb 


BIG  SANDY  RIVER  BASIN 
Counties  in  Basin 


St  3.16 

County 

Percent  of  Land  Area  in  Basin 

Kentucky 

Boyd 

26.9 

Virginia 

* 

Buchanan 

100.0 

It 

* 

Dickenson 

100.0 

Kentucky 

* 

Floyd 

100.0 

It 

it" 

Johnson 

100.0 

II 

Knott 

28.2 

II 

* 

Lawrence 

91.5 

II 

Letcher 

6.5 

West  Virginia 

* 

McDowell 

100.0 

Kentucky 

Magoffin 

4.1 

II 

* 

Martin 

100.0 

West  Virginia 

* 

Mingo 

73.3 

Kentucky 

Morgan 

10.1 

It 

* 

Pike 

100.0 

Virginia 

Tazewell 

11.0 

West  Virginia 

Wayne 

23.4 

Virginia 

Wise 

28.1 

♦Counties  considered  in  Projective  Economic  Study  of 
Big  Sandy  River  Basin. 
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TABLE  2b 


BIG  SAIIDY  RIVER  BASIL 
Major  Tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
Sq.  Miles 

Length  of 
Stream 
(miles) 

Miles  from 
confluence 
with  Ohio  River 

Big  Sandy  River 

4,260 

27 

0 

Tug  Fork 

1,555 

154 

27 

Levisa  Fork 

2,325 

164 

27 

Russell  Fork* 

679 

45 

127 

Beaver  Creek* 

240 

27 

92 

Johns  Creek* 

224 

64 

74 

♦Included  with  Levisa  Fork  drainage  area 


TABLE  lc 


LITTLE  SANDY  RIVER  BASIN 

Counties 

in  Basin 

State 

County 

Percent 

of  Land  Area  in  Basin 

Kentucky 

Boyd 

52-9 

" * 

Carter 

58.1 

" * 

Elliott 

96. 4 

II 

Greenup 

35.3 

” * 

Lawrence 

8.5 

»» 

Rowan 

6.0 

♦Counties  considered 

in  Projective 

Economic  Study  of 

Little  Sandy  River  Basin. 
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TABLE  2c 


LITTIE  SANDY  RIVER 

BASIN 

Major 

Tributaries  and 

Drainage  Areas 

Tributary 

Drainage  Area 
Sq.  Miles 

Length  of 
Stream 
(miles) 

Miles  from 
confluence 
with  Ohio  River 

Little  Sandy  River 

721 

84 

0 

East  Fork 

151 

48 

12 

Little  Fork 

132 

35 

41 

i 

I 

i 
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TABLE  4 


GUYANDOTTE-BIG  SANDY- LITTLE  SANDY  RIVER  BASINS 
Reservoirs  - Area  100  Acres  or  Greater 


Seasonal 

Pool 

Area 

Storage  (acre-feet) 
Flood  Water 

Name 

Guyandotte  River 
None 

Purpose 

(Acres) 

Control  Supply 

Other 

Big  Sandy  River 

Dewey 

F 

1,100 

76,100 

17,200?/ 

Fish  trap--/ 

*,  A 

1,130 

126,640 

37,720^/ 

John  W.  Flannagair-'/ 

F,  A,  R 

1,140 

78,600 

67,10oV 

/ 

North  Fork  of  PoundV 

F,  R 

154 

8,109 

3,184^' 

Little  Sandy  River 

Grayson V F,  A,  R 

Greenbo  R 

F - Flood  Control 
R - Recreation 
A - Low  Flow  Regulation 

1/  Under  Construction. 

2/  4,900  t.cre  feet  of  this  low 

1,500  100,250 
225 

flow  augmentation,  seasonal. 

29,390V 

3V  27,190  acre-feet  of  this  low  flow  augmentation,  seasonal. 
hj  18,600  acre-feet  Water  quality  Control;  16,500  acre-feet  low  flow 
augmentation,  seasonal. 

5/  1,290  acre-feet  of  this  lov  flow  augmentation,  seasonal. 

%J  13,940  acre-feet  of  thi6  J ,w  flow  augmentation,  seasonal. 


TABLE  5 
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1 J Excerpted  from  "Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey." 


Total  Subarea  J 463,800  38,000  401,300  33,000  377,700  30,800  355,000  29,000 


guyandotte-big  sandy- little  sandy  river  basins 


*In  millions  of  i960  dollars 

**1960  = 100 


TABLE  8a 

GUYANDOTTE  RIVER  BASIN 


Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  Subarea 

West  Virginia 

Boone 

G-5 

Kanawha- Little  Kanawha 

ft  fl 

Cabell 

H-2 

Oh io- Hunt ingt on 

tf  II 

Putnam 

G-l 

Kanawha- Little  Kanawha 

If  II 

Raleigh 

G-5 

Kanawha- Little  Kanawha 

6-38 


TABLE  8b 


BIG  SANDY  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  Subarea 

Kentucky 

Boyd 

H-2 

Ohio- Hunt ington 

11 

Knott 

M-4 

Licking- Kentucky-Salt 

11 

Letcher 

M-4 

Licking- Kentucky-Salt 

If 

Magoffin 

M-3 

Licking- Kentucky-Salt 

II 

Morgan 

M-3 

Licking- Kentucky-Salt 

Virginia 

Tazewell 

* 

West  Virginia 

Wayne 

H-2 

Ohio- Hunt  ington 

Virginia 

Wise 

* 

* - Not  included  in  Projective  Economic  Study  of  Ohio  River  Basin. 
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TABUS  8c 


LITTLE  SANDY  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  Subarea 

Kentucky 

Boyd 

H-2 

Ohio- Hunt ingt  on 

II 

Greenup 

H-l 

Ohio- Huntington 

It 

Rowan 

M-3 

Licking- Kentucky-Salt 

GRAND  TOTAL  6 2.0  b'4.5  123.2  TBBTl 
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GUYANDOTTE  RIVER  BASIN 


TABLE  1 2b 


♦NOT  to  be  interpreted  as  waste  loads  to  the  stream 
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I SUMMARY 


1 


Municipal  and  Industrial  Water  Supply  Problems 

The  major  municipal  water  use  in  the  Scioto  River  Basin  is 
at  Columbus,  Ohio,  and  indications  are  that  by  1980  additional  sources 
of  supply  must  be  available  to  satisfy  projected  water  supply  needs. 

The  major  industrial  water  use  in  the  basin  is  in  the  Chillicothe- 
Circleville  area,  where  the  projected  needs  can  probably  be 
satisfied  from  underground  sources.  The  municipality  of  Greenfield 
has  experienced  supply  problems  with  a ground  water  source  and  is 
planning  to  develop  its  source  of  supply  in  a proposed  Federal 
reservoir.  The  municipalities  of  Marion,  Galion,  Hillsboro, 

Westerville,  West  Jefferson,  and  Washington  Court  House  must  develop 
additional  sources  of  supply  by  1980  to  satisfy  projected  water  supply 
demands.  Other  communities  such  as  Hilliard,  Reynoldsburg , Sabina, 

Chillicothe,  Circleville,  and  Kenton  will  probably  encounter  problems 
with  supply  by  2000.  London  will  probably  encounter  problems  with 
supply  by  2020. 

Water  Quality  Control  Problems 

The  major  problem  area  in  the  Scioto  River  Basin  occurs  in 
the  Scioto  River  below  Columbus,  Ohio.  Even  with  secondary  treatment 
of  organic  wastes  by  the  city  of  Columbus,  present  critical  low 
summer  flows  in  the  Scioto  River  are  not  sufficient  to  assimilate 
residual  organics  discharged  to  the  stream  without  degradation  of 
water  quality.  This  condition  will  worsen  under  projected  population 
growth  and  industrial  activity. 

The  major  industrial  activity  resulting  in  the  discharge  of 
organic  wastes  occurs  at  Chillicothe.  Assuming  treatment  of 
industrial  organic  waste  equivalent  to  secondary  treatment  of 
municipal  organic  wastes,  the  provision  of  adequate  flows  in  the 
Scioto  River  at  Columbus  will  maintain  satisfactory  conditions  at 
Chillicothe . 

Stream  conditions  are  unsatisfactory  in  Alum  Creek  below 
Westerville,  Little  Scioto  River  below  Marion,  the  Olentangy  below 
Galion  and  Paint  Creek  below  Washington  Court  House.  In  addition, 
many  of  the  smaller  tributaries  have  unsatisfactory  conditions  due 
to  residual  organic  waste  discharges  from  communities. 

I 
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II  DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 

The  Scioto  River  Basin  lies  in  the  central  portion  of  the 
State  of  Ohio,  its  eastern  limits  nearly  coinciding  with  the  north- 
south  center  line  of  the  state . and  forms  the  principal  drainage 
system  of  central  Ohio.  The  Scioto  River  rises  in 
northwestern  Ohio,  flows  east  60  miles  where  it  is  joined  by  the 
Little  Scioto,  then  south  175  miles  where  it  enters  the  Ohio  River 
at  Portsmouth,  Ohio,  356  river  miles  below  Pittsburgh,  Pennsylvania. 
The  total  drainage  area  of  the  basin  is  6,510  square  miles, 
comprising  about  16  percent  of  the  land  area  of  the  State  and 
covering  part  or  all  of  the  31  counties  listed  in  Table  1.  The 
basin  is  roughly  rectangular  in  shape,  about  135  miles  long  and  50 
to  60  miles  wide  except  for  the  lower  30  miles  where  it  narrows 
to  about  25  miles.  The  basin  extends  north  beyond  Marion,  east 
beyond  Galion  and  Jackson,  and  west  beyond  Kenton,  London,  and 
Hillsboro  (See  Figure  7-1,  page  7-31) • 

The  northern  line  of  Highland,  Ross  and  Hocking  Counties 
is  the  northern  boundry  line  of  and  also  designates  the  area  of 
the  Appalachia  Region  in  this  basin. 

The  main  tributaries  comprising  the  Scioto  River  system 
are  shown  in  Table  2. 

Physical  Features 

The  Scioto  River  Basin  exhibits  two  distinct  geological 
areas,  the  glaciated  and  the  nonglaciated,  with  the  dividing  line 
essentially  trending  northeast-southwest  through  the  city  of 
Chillicothe.  The  nonglaciated  area  to  the  south  is  a hilly  region 
which  physiographically  belongs  to  the  Appalachian  Plateau.  The 
glaciated  area  to  the  north,  comprising  about  CO  percent  of  the 
basin,  belongs  to  the  Till  Plains  of  the  Central  Lowlands  province. 
The  entire  area  is  underlain  by  essentially  flat  lying  rocks  of 
sedimentary  origin  which  crop  out  as  a series  of  roughly  parallel 
north-south  belts. 

The  Till  Plains  have  well  defined  border  lands  to  the  east 
and  west  which  rise  some  300  feet  above  the  main  stream  within  a 
distance  of  20  to  25  miles.  The  divides  at  the  north  and  west 
are  composed  largely  of  glacial  deposits,  whereas  the  eastern  and 
southern  borders  are  formed  by  the  bedrock  hills  of  the  Allegheny 
Plateau.  Along  both  the  eastern  and  western  divides,  in  places 
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where  preglacial  valleys  extend  into  the  Scioto  Basin,  rock  may 
he  found  at  depths  exceeding  200  feet,  hut  elsewhere  along  the 
divides  it  is  found  at  comparatively  shallow  depths.  Except  in 
restricted  localities  where  rock  has  been  exposed  by  post  glacial 
erosion,  a layer  of  drift  overlies  the  bedrock  to  a depth  approaching 
80  feet.  On  this  till  covered  plain,  the  Scioto  River  and  its 
principal  tributaries  have  developed  largely  in  accordance  with 
and  in  consequence  of  the  initial  slopes  of  underlying  bedrock. 

The  Till  Plains  exhibit  three  fairly  distinct  topographical  sub- 
divisions; the  Summit  Section,  the  Gorge  Section  and  the  Alluvial 
Section.  The  Summit  Section  extending  from  the  western  edge  of 
the  basin  through  Kenton  and  Marion  to  Bucyrus  is  a high,  flat, 
poorly  drained  plateau  with  elevations  ranging  generally  from  950 
to  1,100  feet  above  mean  sea  level. 

Between  Prospect  and  Columbus,  the  main  stream  and  its  left 
bank  tributaries,  of  which  Mill  Creek  is  the  principal,  tributary, 
all  pass  through  narrow  valleys  and  the  region  is  often  referred 
to  as  the  Gorge  Section.  A few  miles  to  the  east  the  Olentangy 
flows  through  a narrow  valley  paralleling  the  Scioto,  farther  to 
the  east  Alum  and  Big  Walnut  Creeks  are  deeply  entrenched. 

The  Alluvial  Section,  excluding  stream  valleys,  lies  at 
1,000  feet  above  mean  sea  level  and  comprises  the  region  south  of 
Columbus.  In  places,  the  flood  plain  attains  widths  as  great  as 
three  and  one  half  miles.  Paint  Creek,  the  largest  tributary  in 
the  watershed,  rises  in  the  glacial  plains  above  the  city  of 
Washington  Court  House  and  flows  southeasterly  through  rolling 
country  and  then  through  a gorge  section  to  emerge  and  flow  the 
last  30  miles  through  a broad  fertile  valley. 

There  are  no  natural  lakes  in  the  basin.  Major  artificial 
reservoirs  include  three  water  supply  reservoirs  north  of  Columbus 
having  a combined  water  surface  of  4,000  acres,  one  flood  control 
reservoir,  the  Delaware,  with  a surface  area  of  1,300  acres,  and 
one  conservation  and  recreation  lake  on  Rocky  Fork  of  Paint  Creek 
with  a surface  area  of  2,000  acres.  Construction  of  multiple- 
purpose  reservoirs  at  sites  on  Deer  Creek,  Paint  Creek,  Big  Darby 
SPg^i§le1^sC^efeeAfeC^!ferlJ?d  Mil1  Creek  is  planned  b7  the  CorPs 

Climate 


The  average  annual  precipitation  in  the  basin  varies  from 
approximately  39  inches  in  the  extreme  northeastern  portion  of 
the  basin  to  approximately  44  inches  in  the  southwestern  portion 
of  the  basin.  June  rainfall  averages  about  the  same  in  all  areas. 
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Average  minimum  temperatures  range  from  approximately 
30°F  in  January  in  the  northern  part  of  the  "basin  to  36°F  in  the 
southern  third.  Average  maximum  temperatures  range  from  approxi- 
mately 74  F in  July  in  the  northern  part  of  the  basin  to  77°F  in 
the  southern  part  of  the  basin.  The  frost- free  season  varies  from 
166  days  in  the  northern  third  of  the  basin  to  185  days  in  the 
central  and  southern  two- thirds  of  the  basin. 


Principal  Communities  and  Industries 

Agriculture  maintains  an  important  position  in  the  economy 
of  the  basin.  Stock  raising,  crop  raising  and  the  dairy  industry 
are  the  principal  components  of  the  agriculture  industry.  The 
Scioto  River  Basin  is  the  eastern  extremity  of  the  ccmimercial  com 
belt.  Com,  primarily  used  for  feed,  is  the  basis  for  the  basin's 
agriculture  and  is  located  predominantly  west  of  a north-south 
line  through  Columbus.  Considerable  sheep  grazing  occurs  east  of 
this  line. 

In  the  nonglaciated  area  in  the  southern  counties  of  Ross, 
Pike  and  Scioto,  due  to  the  hilly  terrain  and  thin  soil  cover, 
much  of  the  land  is  given  over  to  woodland  except  in  the  flood 
plain. 


Sand,  gravel  or  limestone  is  produced  in  all  counties  in 
the  basin  but  the  major  output  is  in  Franklin  County. 

There  is  no  significant  yield  of  coal  since  only  the  fringe 
of  the  coal  fields  is  within  the  Scioto  River  Basin  in  Jackson, 
Vinton,  Hocking  and  Fairfield  Counties.  Oil  and  gas  are  produced 
in  Morrow  County. 

Industry  of  Franklin  County,  in  which  Columbus  is  the  major 
city,  produces  aircraft  and  automotive  parts,  transportation  equip- 
ment, iron,  steel  and  metal  products,  food  and  beverages.  Marion 
and  Galion  industry  produces  earth  moving  equipment.  Chillicothe 
industry  produces  primarily  paper,  with  shoe  manufacture  and  metal 
fabrication  of  secondary  importance . Circleville  manufacturing 
consists  of  plastics,  paint,  lightbulbs  and  paper.  Jackson  County 
is  the  center  of  the  Nation's  high-silicon  iron  industry. 

Listed  In  Table  3 are  some  of  the  principal  cities  and 
their  populations  from  1910  to  i960. 
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Ill  WATER  RESOURCES 


Surface  Water  Resources 
Quantity- 

Surface  flows  in  the  basin  above  Columbus  are  afffected  by 
reservoirs  constructed  on  the  Scioto  River  and  several  tributary- 
streams.  Griggs  and  O'Shaughnessy  Reservoirs  on  the  Scioto  River, 
and  Hoover  Reservoir  on  Big  Walnut  Creek  are  operated  by  the  city 
of  Columbus  for  water  supply.  Delaware  Reservoir  on  the  Olentangy 
River  was  built  by  the  U.  S.  Army  Corps  of  Engineers  primarily  for 
flood  control  purposes. 

In  the  lowe-  basin,  a major  reservoir  is  located  on  Rocky 
Fork  of  Paint  Creek  near  Hillsboro,  Ohio.  This  reservoir  was 
constructed  by  the  State  of  Ohio  and  is  operated  for  recreation. 

Other  reservoirs  for  recreation  are  Madison  Lake  near  London,  Ohio; 
Hargus  Lake  near  Circleville,  Ohio  and  Lake  White  near  Waver ly, 

Ohio.  Hammertown  Lake  was  constructed  near  Jackson,  Ohio  for 
water  supply.  All  of  these  reservoirs  are  located  on  streams 
tributary  to  the  Scioto  River  below  Columbus.  Table  U shows 
pertinent  data  regarding  the  aforementioned  impoundments. 

Generally,  the  streams  tributary  to  the  Scioto  River  and 
located  in  the  glaciated  area  below  Columbus  have  higher  sustained 
flows  than  those  streams  draining  the  northern  till  plains  due 
almost  entirely  to  the  presence  of  extensive  deposits  of  outwash  in 
the  valley  fill.  Other  small  streams  south  of  the  limit  of  glaciation 
have  very  little  ground  water  discharge  and  low  sustained  flows.  In 
the  State  of  Ohio,  lower  sustained  flows  occur  in  the  Scioto  River 
Basin  them  in  the  other  major  basins  which  are  tributaries  to  the 
Ohio  River. 

Table  5 shows  stream  data  excerpted  from  the  hydrology  data 
prepared  by  the  Corps  of  Engineers 


1/  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River 
Beisin  Comprehensive  Survey. 
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Quality- 

Surface  waters  in  the  basin  are  primarily  hard  waters  of 
the  calcium  magnesium  bicarbonate  or  calcium  magnesium  sulfate  type 
ranging  in  hardness  from  250  to  500  mg/l  in  the  glaciated  areas  of  the 
basin  and  from  100  to  300  mg/l  in  nonglaciated  areas.  During 
high  flows  when  a large  part  of  the  water  is  from  surface  runoff, 
concentrations  of  dissolved  solids  are  less  than  during  low  flow 
when  the  water  is  largely  from  underground  sources.  In  addition 
to  natural  variations,  changes  in  quality  are  often  the  result  of 
domestic  and  industrial  wastes.  Mine  drainage  is  not  a factor  in 
water  quality  in  the  basin  and  oil  field  wastes  are  a factor  only 
in  Morrow  County. 

Ground  Water  Resources 

Quantity 

.Ground  water  resources  are  reported  by  the  U.  S.  Geological 
Survey,  and  the  following  discussion  has  been  condensed  from 
their  report,  except  as  noted. 

The  northern  two-thirds  of  the  basin  was  covered  by  a 
succession  of  continental  ice  sheets  which,  when  receeding,  left 
a cover  of  drift  and  filled  ancestral  stream  valleys  with  outwash 
deposits  of  unconsolidated  sands  and  gravels. 

The  water  bearing  consolidated  rocks  in  the  basin  consist 
chiefly  of  limestones  and  sandstones.  The  limestone  aquifer  under- 
lies the  entire  basin  but  dips  about  25  feet  per  mile  in  a general 
southeasterly  direction.  This  aquifer  is  an  important  source  of 
water  in  the  vest-central  and  northwest  portion  of  the  basin. 

East  of  a north-south  line,  approximately  through  Columbus,  the 
limestones  are  overlain  by  shales  and  are  relatively  deep.  In 
the  central  and  southern  parts  of  the  basin,  west  of  the  Scioto 
River,  the  limestone  formation  becomes  thinner  and  shales  and 
dolomite  predominate.  Sandstones  occur  in  the  northeast  and  east- 
central  parts  of  the  basin. 

The  major  source  of  large  quantities  of  ground  water  occurs 
in  the  sand  and  gravel  deposits  in  the  valley  of  the  Scioto  River 
between  Columbus  and  its  mouth.  A potential  yield  of  a J500  mg/day 
is  a conservative  estimate  of  the  ground  water  available  frcm  this 
area This  is  5 0 percent  more  water  than  is  presently  used  each 
day  by  all  pawns  and  cities  in  Ohio.  Between  Columbus  and  Piketon  the 

1 / Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 

2/  Ohio  Department  of  natural  Resources  Ground  Water  for  Industry  in 
the  Scioto  River  Valley,  Buried.  Valley  Investigation,  Report  No.  1, 
dated  1065,  Page  V. 


present  course  of  the  Scioto  River  follows  the  course  of  a pre- 
glacial river.  Sediments  are  several  miles  wide  and  in  many 
places  more  than  100  feet  deep.  Large  quantities  of  water  are 
available  in  these  deposits.  Other  locations  of  large  quantities 
of  water  in  unconsolidated  deposits  are  along  Walnut  Creek,  the 
lower  reaches  of  Big  Walnut  and  Alum  Creeks,  and  the  Olentangy 
River.  Large  quantities  are  available  in  the  upper  reaches  of 
Big  Darby  Creek  and  Deer  Creek  and  the  lower  reaches  of  Paint 
Creek.  Wells  located  in  these  aquifers  generally  exceed  100 
gallons  per  minute  (gpm)  to  over  1,000  gpm.  Wells  in  other 
cutwash  deposits  yield  under  100  gpm. 

Wells  in  sandstone  have  an  average  yield  of  10  to  20  gpm. 
Wells  in  the  limestone  aquifer  north  of  Columbus  yield  as  much 
as  500  gpm,  although  most  industrial  and  municipal  wells  tapping 
this  aquifer  in  Kenton,  Marion  and  Marysville  yield  frcm  250  to 
LOO  gpm. 

Quality 

Water  from  unconsolidated  glacial  deposits  is  very  hard 
and  is  high  in  dissolved  solids.  Hardness  is  of  the  calcium 
magnesium  bicarbonate  type  with  an  average  hardness  of  350  to 
LOO  mg/l  and  total  dissolved  solid  content  of  about  550  mg/l. 

Water  frcm  sandstone  aquifers  has  hardness  averaging 
200  to  250  mg/l  and  total  dissolved  solids  of  300  to  350  mg/l. 

Water  from  limestones  west  of  the  Scioto  River  is  very  hard 
averaging  from  600  to  800  mg/l.  Dissolved  solids  range  frcm 
around  L 00  mg/l  to  over  1,000  mg/l. 
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IV  THE  ECONOMY 


Ihe  Scioto  subarea  of  the  Projective  Economic  Study  lies 
entirely  within  Ohio.  It  is  roughly  coextensive  with  the  drainage 
basin  of  the  Scioto  River.  Included  in  this  area  are  13  counties 
which  are  listed  in  Tables  6 and  7.  For  the  purpose  of  utilizing 
the  projections  of  population  and  economic  activity  from  the 
Projective  Economic  Study  to  estimate  future  water  requirements 
and  waste  loads  which  can  be  related  to  hydrology,  the  subarea 
has  been  divided  into  two  minor  areas  designated  1-1  and  1-2. 

The  1-1  area  includes  seven  counties  in  the  southern  portion  of 
the  basin,  and  1-2  includes  the  six  northern  counties.  The 
counties  in  each  area  are  listed  in  Tables  6 and  7 and  shown  on 
Figure  7-1,  page  7-31. 

Economic  Profiles 
Minor  Area  T-i 

Minor  area  1-1  is  primarily  a rural  area  with  a total 
population  of  262,000.  The  three  largest  cities  are  Lancaster, 
Chillicothe , and  Washington  Court  House.  Personal  income,  which 
is  a composite  measure  of  economic  well-being,  shows  the  area  to 
be  below  average  with  a per  capita  income  in  i960  of  $1,^95  as 
compared  to  $1,957  for  Ohio  and  $1,850  for  the  Nation.  The  counties 

of  Highland,  Hocking  and  Ross  are  within  the  area  designed  as  the 
Appalachian  Region.  ^ 

Manufacturing  is  the  largest  employment  category,  and  the 
manufacturing  of  the  area  is  characterized  by  a rather  large 
number  of  small  establishments  and  a few  plants  with  a large  number 
of  employees.  The  major  industries  are  paper,  electrical  machinery, 
food  and  kindred  products,  leather  goods,  and  fabricated  metals. 
There  are  two  pulping  operations  in  the  area,  one  of  100  tons  per 
day  capacity  at  Circleville,  and  one  of  300  tons  per  day  capacity 
at  Chillicothe. 

The  area  is  centrally  located  with  respect  to  its  principle 
markets  and  has  good  transportation  facilities.  All  industrial 
categories  are  expected  to  increase  in  output  and  employment  during 
the  next  half  century. 
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Agriculture  is  still  important  in  the  area.  The  fertile 
soils  are  used  to  produce  com  which  is  largely  marketed  in  the 
form  of  livestock  and  livestock  products.  The  value  of  farm 
products  sold,  which  was  $8l  million  in  1959,  was  about  equal  to 
the  195^  value.  Irrigation  is  not  an  important  water  use  in  the 
area  with  only  300  acres  irrigated  in  1959* 

The  mineral  industry  of  the  area  consists  primarily  of  the 
production  of  stone  and  gravel  for  construction  purposes  in  all 
counties  except  Hocking.  Some  oil  and  gas  are  produced  and 
development  drilling  is  occurring. 

Minor  Area  1-2 

Minor  area  1-2  consisting  of  the  northern  part  of  the 
Scioto  Basin  is  dominated  by  the  city  of  Columbus  in  Franklin 
County  which  is  designated  a Standard  Metropolitan  Statistical 
Area.  The  population  of  the  area  in  i960  was  851,200  with  80 
percent  of  it  located  in  Franklin  County.  Delaware  and  Marion, 
with  13,300  and  37,100  populations  respectively,  are  the  other 
larger  cities  in  the  area.  Ninety- two  percent  of  the  Franklin 
County  population  was  urbanized  compared  to  only  k2  percent  in 
the  remaining  five  counties.  Per  capita  income  in  the  area  was 
above  average  in  1960teinP  $2,001  compared  to  $1,957  for  Ohio 
and  $1,850  for  the  Nation.  However,  when  Franklin  County  is 
considered  separately  from  the  other  five  counties,  the  income 
figures  are  $2,100  compared  to  $1,600  for  the  other  counties. 


In  I960,  manufacturing  was  the  most  important  employment 
category  with  85,3^0  workers.  Hiis  was  a 38.5  percent  increase 
over  1950  compared  to  a 15*1  percent  increase  for  the  State. 

The  most  important  manufacturing  categories  in  i960  were  trans- 
portation equipment,  machinery  (including  electrical  machinery), 
fabricated  metals,  and  food  processing.  Most  of  the  manufacturing 
is  located  in  Columbus,  but  some  manufacturing  activity  takes 
place  in  Hardin,  Marion,  and  Delaware  Counties. 

Agriculture  declined  in  importance  in  this  area  between 
195^  and  1959  with  a decline  in  employment  and  acres  in  farms 
and  a decline  of  about  Cj  million  in  farm  products  sold  leaving 
sales  in  1950  equal  to  $t-5  million.  The  farm  economy  is  based 
on  com  and  livestock  production. 

Oil  production  is  important  in  Morrow  County  where  oil 
fields  are  still  being  developed. 


Minor  area  1-2  has  a rather  large  non commodity  employment 
category  including  government  and  education  along  with  other 
services  because  of  the  location  of  the  State  Capital  and  Ohio 
State  University  in  Columbus. 

Projected  Population  and  Industrial  Activity 

Population  in  the  Scioto  subarea  is  projected  to  grow  from 
1.1  million  in  i960  to  1.6  million  in  1980  and  to  2.6  million  by 
2020.  This  increase  represents  an  increase  of  the  subarea's  share 
of  the  Ohio  River  Basin  population  from  six  to  seven  percent  between 
I960  and  1980. 

Table  6 shows  the  i960  and  projected  population  for  the  1-1 
and  1-2  minor  areas. 

According  to  the  Projective  Economic  Study,  output  from 
manufacturing  is  expected  to  increase  from  $2.6  billion  in  i960 
to  $17-5  billion  in  2010,  while  agricultural  output  is  projected 
to  increase  from  $231  million  to  $3^7  million  during  the  same 
period. 


Table  7 shows  i960  manufacturing  output,  total  employment 
and  manufacturing  employment.  Projections  to  1980,  2000,  and  2020 
for  the  minor  areas  are  shown  as  indices  using  i960  as  the  base. 

In  addition  to  the  counties  included  in  the  Scioto  subarea 
in  the  Projective  Economic  Study,  eighteen  other  counties  have 
land  area  within  the  basin.  Ihese  counties  are  listed  in  Table  8. 
Some  of  these  counties  have  significant  water  using  communities 
and  significant  sources  of  pollution  within  the  basin  and  pro- 
jections of  their  water  needs  and  organic  waste  loads  are  based 
on  the  projections  of  the  adjacent  Projective  Economic  Study 
subarea,  if  not  included  in  the  study  area,  or  based  on  the 
projections  of  the  subarea  in  which  they  are  located. 


V WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


Present  and  Projected  Water  Use 

There  are  59  central  vater  supply  systems  in  the  Scioto 
River  Basin,  serving  a population  of  777»lo0.  The  average  daily 
water  use  is  80.923  mgd  amounting  to  105  gallons  per  capita  daily 
use. 


In  the  basin,  89  percent  of  the  water  used  for  municipal 
supplies  is  from  surface  sources.  Columbus,  utilizing  surface 
sources, accounts  for  approximately  76  percent  of  the  total  munic- 
ipal water  use.  Most  of  the  smaller  communities  have  ground  water 
sources . 

He  present  municipal  and  industrial  water  use  in  the  basin 
is  listed  by  county  and  totaled  for  economic  subareas  and  the 
basin  in  Table  9«  In  "the  lower  basin,  designated  as  minor  area 
1-1,  the  major  communities  of  Chillicothe,  Circleville  and 
Washington  Court  House  account  for  approximately  5 6 percent  of 
the  population  served  by  central  systems  and  approximately  52 
percent  of  the  water  use.  The  other  23  communities  account  for 
the  remaining  water  use.  The  major  industrial  water  use  is  at 
Chillicothe  and  Circleville  accounting  for  92  percent  of  the  total 
estimated  water  use  in  the  minor  area.  In  the  upper  basin, 
designated  as  minor  area  1-2,  the  major  communities  are  the 
Columbus  S.M.S.A.,  Delaware  and  Marion  which  account  for  approxi- 
mately 93  percent  of  the  population  served  and  over  97  percent  of 
the  water  use. 

In  other  areas  in  the  basin  not  included  in  the  A.  D.  Little 
Economic  Base  Study,  the  largest  community  is  Gallon  in  Crawford 
County  where  a population  of  12,600  uses  over  1 mgd. 

Based  on  population  increase  and  projected  industrial 
activity,  estimated  water  use  will  increase  in  the  Scioto  River 
Basin  as  shown  in  Table  10.  It  is  estimated  that  total  municipal 
and  industrial  water  requirements  will  increase  more  than  fourfold 
by  2020.  The  major  increases  will  probably  occur  in  or  about  the 
present  centers  of  population  and  industrial  activity. 

In  minor  area  1-1,  water  use  is  projected  to  increase  to 
over  six  times  the  i960  use.  The  major  increase  will  probably  be 
located  in  Chillicothe,  Circleville  and  v;ashirgton  Court  House, 
with  the  major  industrial  needs  located  in  the  Chillicothe- 
Circleville  area. 
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Projected  water  use  in  minor  area  1-2  indicates  a 3.5 
increase  by  2020.  The  major  increase  will  probably  be  located 
in  or  about  the  present  centers  of  population  in  Columbus, 

Delaware  and  liar ion,  with  the  major  need  occurring  at  Columbus. 

In  other  areas,  a fourfold  increase  by  2020  is  projected 
with  the  major  needs  occurring  at  Galion. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5>  and  avail-  . 
ability  of  ground  water  reported  in  the  U.  S.  Geological  3urvey±/ 
were  used  to  arrive  at  a judgment  as  to  need  of  future  development 
of  sources  of  water  supply.  Shown  in  Table  11  are  problem  areas 
with  the  approximate  time  of  onset. 

In  minor  area  1-1,  the  total  water  use  is  projected  to 
increase  to  89  mgd  by  1980,  155  mgd  by  2000,  and  265  mgd  by  2020. 
Approximately  85  percent  of  the  projected  water  use  in  this 
subarea  will  be  for  industrial  use.  It  is  assumed  that  increased 
industrial  activity  will  occur  in  the  area  of  present  industrial 
development  in  the  Chillicothe  and  Circleville  area  where  ample 
ground  water  is  available.  Greenfield  is  presently  encountering 
water  supply  problems  and  municipal  water  needs  as  projected 
will  exceed  the  dependable  yields  of  presently  developed  sources 
at  Washington  Court  House,  Chillicothe,  Hillsboro,  and  West  Jefferson 
by  1980,  Circleville  by  2000,  and  at  London  by  2020.  Indications 
ere  that  ground  water  sources  at  Chillicothe,  West  Jeffe,c=cm, 

London  and  Circleville  can  be  developed  to  meet  increased  needs. 
Hillsboro  and  Washington  Court  Horse  are  presently  using  surface 
water  sources  and  probably  can  develop  additional  storage  either  by 
construction  of  impounding  or  upland  reservoirs.  Indications  are 
that  ground  water  sources  at  Greenfield  are  unreliable  and  the  city 
is  planning  to  develop  a source  of  supply  in  a proposed  Federal 
multipurpose  reservoir. 

In  the  1-2  minor  area,  the  major  water  supply  problem  will 
occur  in  Franklin  County.  Columbus,  the  principal  municipality, 
has  developed  surface  water  storage  having  a safe  yield  of  100  mgd 
and  also  a limited  ground  water  development  for  emergency  use. 

By  1980,  it  is  projected  that  148  mgd  will  be  required  in  the  1-2 
minor  area.  In  i960,  87  percent  of  the  municipal  water  use  in 


If  Ground- Water  Distribution  and  Potential  in  the  Ohio  River 
Basin,  Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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TABLE  11 

SCIOTO  RIVER  BASIN 
Water  Supply  Problem  Areas 


Minor 

Area 

Present  1980 

2000 

Washington  Court  House 

1-1 

X 

Greenfield 

1-1 

X 

Hillsboro 

1-1 

X 

london 

1-1 

West  Jefferson 

1-1 

X 

Circleville 

1-1 

X 

Chillicothe 

1-1 

X 

Columbus 

1-2 

X 

Hilliard 

1-2 

X 

Reynoldsburg 

1-2 

X 

Kenton 

1-2 

X 

Marion 

1-2 

X 

Gal ion 

* 

X 

Sab ina 

L-2 

X 

Westerville 

• 

1-2 

X 

* Not  included  in  Projective 

Eccncmic 

Study  area. 

2020 


X 
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the  1-2  minor  area  was  in  Franklin  County.  Assuming  in  1980  the 
same  percentage  of  water  use,  approximately  102  mgd  will  be 
required  in  Franklin  County.  Since  nearly  all  of  the  water  at 
present  is  used  by  Columbus,  the  need  for  additional  supply  should 
be  planned  prior  to  1980.  By  2000,  the  need  is  projected  to 
approximately  150  mgd  and  by  2020,  200  mgd.  Possible  solutions 
for  Columbus  water  supply  needs  are:  (l)  development  of  extensive 

well  fields  to  tap  aquifers  along  the  Scioto  and  Olentangy  Rivers, 

(2)  storage  of  surface  water  in  single-purpose  reservoirs,  or 

(3)  storage  in  Federal  reservoirs  constructed  for  multipurpose  use. 

Projected  municipal  water  use  will  exceed  the  dependable 
yield  of  presently  developed  sources  at  Marion  and  Gallon  by  1980 
and  at  Hilliard,  Reynoldsburg,  Kenton  and  Sabina  by  2000.  At 
present,  Marion  uses  wells  and  surface  water  from  the  Little 
Scioto  River  as  the  source  of  supply.  Additional  sources  of 
supply  would  probably  be  developed  by  inpounding  streams  in  the 
area.  Galion  uses  upground  storage  of  water  from  the  Olentangy 
River  as  its  source  of  supply.  To  meet  increased  demands,  further 
development  of  upground  storage  will  probably  be  required. 

Hilliard  and  Reynoldsburg  could  probably  expand  their  present  well 
fields  to  meet  increased  demand,  although  definitive  studies  may 
indicate  that  connection  to  the  Columbus  water  system  may  be  the 
best  solution.  However,  a regional  water  supply  system  for  the 
Franklin- Delaware  County  complex  may  be  desirable.  Sabina  and 
Kenton  will  probably  have  to  develop  surface  sources  to  supplement 
their  present  well  supplies. 

Undoubtedly,  there  sire  other  smaller  communities  which  will 
have  water  supply  problems,  but  it  is  beyond  the  scope  of  this 
report  to  define  these  problem  areas. 


7-14 


VI  WATER  QUALITY  CONTROL 


Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  before  treatment  are 
shown  in  Table  12.  In  the  lower  Scioto  River  Basin,  defined 
generally  by  minor  area  1-1  boundaries,  approximately  65  percent 
of  the  present  organic  waste  loads  are  due  to  discharges  by 
industry,  90  percent  of  which  is  discharged  in  the  Chillicothe- 
Circleville  area.  Major  sources  of  municipal  organic  waste 
discharges  occur  at  Chillicothe,  Circleville  and  Washington  Court 
House . 

In  the  upper  Scioto  River  Basin,  defined  generally  by 
minor  area  1-2,  over  60  percent  of  the  estimated  organic  waste 
loads  are  due  to  municipal  discharges,  of  which  87  percent 
originates  in  Franklin  County.  Major  sources  of  municipal  organic 
waste  discharge  also  occur  at  Marion,  Delaware,  and  Galion. 

Shown  in  Table  13  are  the  base  and  projected  waste  loads 
generated  before  treatment  for  the  minor  areas.  Waste  loads  are 
projected  to  increase  sixfold  in  minor  area  1-1,  more  than  3 .5 
times  in  minor  area  1-2,  and  about  4.5  times  for  other  areas  in 
the  basin  not  included  in  economic  Subarea  I. 

Water  Quality  Control  Problems 

Listed  in  Table  14  are  the  more  critical  areas  and  the 
approximate  beginning  date  of  the  need  for  stream  regulation  for 
quality  control  or  other  appropriate  measures  beyond  secondary 
treatment  for  pollution  control. 

The  major  water  quality  control  problem  in  the  basin  is  in 
the  Scioto  River  below  Columbus.  Columbus  presently  operates 
secondary  treatment  facilities  and  obtains  reductions  in  organic 
constituents  in  the  range  of  85-90  percent,  before  discharging 
residual  organics  to  the  stream.  Low  flow  releases  ranging  frcm 
5 cfs  to  40  cfs  dependable  flow  in  the  summer  season  (not  including 
return  flows  frcm  Columbus)  are  not  capable  of  assimilating  present 
residual  organic  waste  loads  without  degradation  of  the  stream. 
Assuming  secondary  treatment,  total  flows  in  the  order  of  300  cfs 
are  needed  at  the  present  (i960),  475  cfs  in  1980,  620  cfs  in  2000, 
and  780  cfs  in  2020  including  return  flows  frcm  the  city  of  Columbus. 
Provision  of  the  above  flows  at  Columbus  will  maintain  satisfactory 
conditions  at  Circleville  and  Chillicothe  after  secondary  treatment 
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TABLE  14 

SCIOTO  RIVER  BASIN 

Present  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 

Vicinity 

Area 

Present 

Scioto  River- Main 

Kenton 

1-2 

X 

Stem 

Scioto  River- Main 

Columbus 

1-2 

X 

Stem 

Scioto  River- Main 

Circleville 

1-1 

Stem 

Scioto  River-Main 

Chillicothe 

1-1 

Stem 

Little  Scioto  River 

Marion 

1-1 

X 

Fulton  Creek 

Richvood 

1-2 

X 

Mill  Creek 

Marysville 

1-2 

X 

Olentangy  River 

Galion 

* 

X 

Whetstone  Creek 

Mt.  Cilead 

1-2 

X 

Blacklick  Creek 

Reynoldsburg 

1-2 

X 

Alum  Creek 

Westerville 

1-2 

X 

Little  Darby  Creek 

West  Jefferson 

1-1 

X 

Deer  Creek 

London 

1-1 

X 

Paint  Creek 

Greenfield 

1-1 

X 

Rocky  Pork  Creek 

Hillsboro 

1-1 

X 

Paint  Creek 

Washington 
Court  House 

1-1 

X 

Little  Salt  Creek 

Jackson 

H-3 

X 

Wilson  Creek 

Sabina 

L-2 

X 

Big  Darby  Creek 

Plain  City 

1-1 

X 

♦Not  included  in  Projective  Economic  Study  of  Chio  River  Basin. 
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of  all  wastes.  However,  storage  for  purpose  of  regulation  of 
strearaflow  for  water  quality  control  after  secondary  treatment  of 
the  organic  constituents  of  wastes,  appears  to  be  only  a partial 
solution  in  the  main  stem  below  Columbus,  as  the  quantity  of 
water  required  does  not  appear  to  be  available.  It  appears  that 
treatment  beyond  the  normal  secondary  should  be  investigated  for 
the  Columbus  area. 

Stream  conditions  in  the  Little  Scioto  River  below  Farion 
are  unsatisfactory  at  present  with  design  flow  less  than  2 cfs. 

Total  summer  flows  in  the  orfler  of  40  cfs  are  required  at  the 
present,  75  cfs  in  1980,  120  cfs  in  2000,  and  145  cfs  will  be 
required  in  2020. 

In  the  Olentangy  River  below  Galion,  design  flow  is  about 
1 cfs.  Total  summer  flows  in  the  order  of  20  cfs  are  required 
at  the  present,  increasing  to  30  cfs  in  1980,  40  cfs  in  2000, 
and  55  cfs  in  2020. 

Summer  flows  in  the  order  of  30-40  cfs  by  2020  will  be 
needed  in  the  Scioto  River  stream  reaches  below  Kenton  with  a 
design  flow  of  less  than  3 cfs,  Mill  Creek  below  Marysville  with 
a design  flow  of  1 cfs,  and  Paint  Creek  below  Greenfield  with  a 
design  flow  of  about  3 cfs.  As  all  of  these  communities  are  in 
headwater  areas  with  very  low  summer  flow  in  the  streams,  flow 
regulation  is  needed  at  the  present. 

Belov  Washington  Court  House.  Paint  Creek  has  a desim 
flow  of  less  than  3 cfs  and  summer  flov;s  in  the  order  of  20  cfs 
are  needed  at  the  present,  increasing  to  30  cfs  in  1980,  4.1  cfs 
in  2000.  and  55  cfs  in  2020. 

Rummer  flows  in  the  order  of  10-50  cfs  by  2020  will  be 
needed  in  Placklick  Creek  below  Reynoldsburg,  little  Darby  Creek 
below  West  Jefferson,  Rocky  Pork  Creek  below  Hillsboro,  and  Deer 
Creek  below  ondon,  where  design  flows  are  less  than  3 cfs. 

Gunner  flows  in  the  order  of  less  than  20  cfs  by  2020  viilbe 
required  in  Fulton  Creek  below  chwood , Wilson  Cree.t  below  fab  In  a. 
Big  Darby  Creek  below  Plain  Oily,  Alum  Creek  below  West.ervii.le,  and 
Little  Salt  Creek  below  JacKson.  Summer  flows  in  the  order  of  }0  cfs 
by  COCO  will  be  required  in  Whetstone  Creek  below  Mount  Gilead.  The 
design  flows  for  all  of  the  streams  are  less  than  3 cfs.  There  are 
undoubtedly  other  small  tributaries  adversely  affected  by  discharge 
or  residual  wastes  remaining  alter  secondary  treatment,  but  it  is 
beyond  the  scope  of  this  report  to  define  ail  of  them. 


Regulation  of  streamflow  for  the  purpose  of  water  quality- 
control,  however,  does  not  appear  to  be  a fusible  solution  for 
many  municipalities  located  on  headwater  reaches  of  tributaries. 
Communities  such  as  Marion,  Galion,  Washington  Court  House, 

Kenton,  Marysville  and  Greenfield  may  find  that  holding  ponds 
used  for  "polishing"  the  effluent  and  for  discharge  during  periods 
of  higher  natural  flow  may  be  a more  practical  solution  to  the 
pollution  problems  of  these  cities. 

Quality  problems  unrelated  to  population  are  heat  and 
chloride  pollution.  Major  sources  of  heat  release  to  streams 
from  thermal  power  generating  plants  in  the  basin  are  located  in 
franklin  County.  Plants  with  a capacity  of  230.8  megawatts, 

45.5  megawatts,  and  75  megawatts  use  surface  water  as  a source 
of  cooling  water  and  during  periods  of  low  flow  are  the  cause  of 
high  stream  temperatures  in  localized  stream  reaches. 

The  chloride  pollution  is  the  result  of  oil  drilling 
operations  beginning  in  1962  in  Morrow  County  in  the  headwaters 
of  Whetstone  Creek,  a tributary  of  the  Olentangy  River,  and  Alum 
Creek,  a tributary  of  Big  Walnut  Creek.  The  ground  water  supply 
of  the  village  of  Cardin  -ton  has  been  affected  by  brine  pollution, 
as  has  Alum  Creek,  serving  as  a source  of  supply  for  the  city  of 
Westerville.  The  new  regulations  of  the  Division  of  Oil  and  Gas, 
Department  of  Natural  Resources,  State  of  Ohio,  require  operators 
to  inject  all  salt  water  and  other  oil  field  wastes  into  deep 
disposal  wells.  This  regulation  of  oil  well  operations  has  resulted 
in  the  improvement  of  chloride  concentration  in  the  streams. 
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TABLE  1 


SCIOTO  RIVER  BASH) 
Counties  in  Basin 


State 

County 

Ohio 

Adams 

II 

Allen 

tl 

Auglaize 

II 

Champaign 

II 

Clark 

II 

Clinton 

II 

Crawford 

II 

* 

Delaware 

II 

* 

Fairfield 

If 

* 

Fayette 

II 

* 

Franklin 

II 

Greene 

It 

* 

Hardin 

It 

* 

Highland 

It 

* 

Hocking 

U 

Jackson 

II 

Knox 

II 

Licking 

it 

Logan 

II 

* 

Madison 

II 

* 

Marion 

If 

* 

Morrow 

If 

Perry 

It 

* 

Pickaway 

II 

Pike 

It 

Richland 

II 

* 

Ross 

II 

Scioto 

ff 

* 

Union 

tl 

Vinton 

II 

Wyandot 

Percent  of  Land  Area  in  Basin 

23.0 

0.7 

3-2 

19.2 

4.4 

16.6 

22.0 

100.0 

39-5 

99-9 

100.0 

4.0 

51.0 

46.4 

36.3 

38.5 

1.1 
6.8 

27.4 
98.8 

79.6 

66.1 

1.1 

100.0 

90.4 
0.6 

99-8 

40.3 

100.0 

29.2 

0.3 


*Counties  considered  in  economic  projections  of 
Scioto  River  Basin. 
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TABLE  2 


SCIOTO  RIVER  BASIN 

Major  Tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
Sq.  Miles 

Length  of 
Stream 
(mi les ) 

Scioto  River 

6,510 

235 

Little  Scioto  River 

110 

30 

Mill  Creek 

185 

hi 

Olentangy  River 

536 

89 

Big  Walnut  Creek 

557 

75 

Big  Darby  Creek 

557 

82 

Deer  Creek 

4 08 

71 

Paint  Creek 

1,1^3 

101 

Salt  Creek 

553 

hi 

Miles  from 
Confluence 
with  Ohio  River 

0 

175 

155 

132 

116 

100 

85 

63 

51 
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SCIOTO  RIVER  BASIN 
Population  of  Principal  Communities 


CitZ 

County 

1910 

1920 

1930 

1940 

1950 

i960 

Columbus 

Franklin 

181,511 

237,031 

290,564 

306,087 

375,901 

471,316 

Marion 

Marion 

18,232 

27,891 

31,084 

30,817 

33,817 

37,079 

Upper  ±f 

Arlington-^ 

Franklin 

- 

620 

3,059 

5,370 

9,024 

28,486 

Chillicothe 

Ross 

14,508 

15,831 

18,340 

20,129 

20,133 

24,957 

Whitehall-^/ 

Franklin 

- 

- 

- 

- 

4,87  r 

20,818 

Bexley—^ 

Franklin 

682 

1,342 

7,396 

8,705 

12,378 

14,319 

Delavare 

Delaware 

9,076 

8,756 

8,675 

8,944 

11,804 

13,282 

Gallon 

Crawford 

7,214 

7,374 

7,674 

8,685 

9,952 

12,650 

Washington 
Court  House 

Fayette 

7,277 

7,962 

8,426 

9,402 

10,560 

12,388 

Circleville 

Pickaway 

6,744 

7,049 

7,369 

7,982 

8,723 

11,059 

Worth  ington^/ 

Franklin 

• 

705 

• 

1,569 

2,  l4l 

9,239 

1/  Part  of  Columbus,  Ohio  urbanised  area. 
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TABLE  4 


SCIOTO  RIVER  BASIN 

Reservoirs — Area  100  Acres  or  Greater 

Perm. Pool  Storage  (acre-feet) 


Name 

Purpose 

Area 

(acres) 

Flood 

Control 

Water 

Supply 

Other 

O'Shaugfrnessy 

W - R (L) 

829 

13,125 

• 

Griggs 

W - R (L) 

363 

- 

3,450 

- 

Hoover 

W - R (L) 

2,825 

- 

60, 480 

- 

Delaware 

F - R - A 

950i/ 

123 ,6oal/ 

- 

6,400!/ 

Rocky  Fork 

R 

2,020 

- 

- 

34,100 

Hammertown  Lake 

W - R (L) 

176 

- 

4,600 

- 

Madison  Lake 

R 

106 

- 

- 

594 

Hargus  Lake 

R 

146 

- 

- 

2,600 

Lake  White 

R 

337 

- 

- 

3,735 

B^.g  Da^by  Creek 

F - R 

676 

121,620 

7,339^/ 

Deer  Creek  (U.C.) 

F - R 

727 

96,120 

6,420^' 

Paint  Creek  (U.C.) 

F - R 

711 

136,126 

8, 90g£/ 

F - Flood  Protection 

W - Water  Supply 

R - Recreation  ( (L)  Limited  ) 
A - Low  Flow  Regulation 

1/  Winter  Pool  and  Storage 

2 / Minimum  Pool 

U.C.  - Under  Construction 
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TABLE  6 


Total  Subarea  I 1,113,400  805,200  1,565,000  1,252,600  2,080,600  1,750,300  2,620,000  2,280,500 
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TABLE  8 

SCIOTO  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included 

in  Economic  Subarea 

Ohio 

Adams 

K-3 

Ohio- Cincinnati 

ff 

Allen 

X 

tt 

Auglaize 

X 

ft 

Champaign 

L-2 

Little  Miami-Miami 

ft 

Clark 

L-2 

Little  Miami-Miami 

ff 

Clinton 

L-2 

Little  Miami-Miami 

ft 

Crawford 

X 

It 

Greene 

L-2 

Little  Miami-Miami 

ft 

Jackson 

H-3 

Ohio- Hunt ington 

ft 

Knox 

F-2 

Muskingum 

ft 

Licking 

F-l 

Muskingum 

It 

Logan 

L-2 

Little  Miami-Miami 

ft 

Perry 

F-l 

Muskingum 

ft 

Pike 

H-l 

Ohio- Hunt ington 

It 

Richland 

F-2 

Muskingum 

ff 

Scioto 

H-l 

Ohio- Huntington 

It 

Vinton 

H-3 

Ohio-Huntington 

ft 

Wyandot 

X 

X - Not  included  in  Projective  Economic  Study  of  Ohio  River  Basin. 
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TABLE  13 


*NOT  to  be  interpreted  as  waste  loads  to  the  stream 
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I SUMMARY 


Little  Miami  River  Basin 
Municipal  find  Industrial  Water  Supply  Problems 

largest  waoer  use  in  the  basin  occurs  at  Xenia,  Ohio,  in  the 
upper  basin,  and  in  communities  adjacent  to  Cincinnati,  Ohio,  in 
Hamilton  and  Clermont  Counties,  in  the  lower  basin.  Ground  water 
sources  are  used  to  serve  these  communities  and  indications  are  that 
by  extension  of  the  present  well  fields  projected  needs  can  be  met. 

Many  of  the  communities  in  the  middle  portion  of  the  basin 
have  marginal  ground  water  or  surface  water  sources.  Failure  to 
develop  dependable  sources  of  water  could  be  a deterrent  to  future 
growth.  However , it  may  be  feasible  to  develop  adequate  water  supplies 
in  Federal  Reservoirs  for  these  areas. 

Water  Quality  Control  Problems 

The  more  critical  stream  reaches  adversely  affected  by  residual 
organic  waste  discharges  from  secondary  treatment  plants,  are  Little 
Beaver  Creek  below  the  Montgomery  County-Beaver  Creek  Sanitary  District 
outfall,  Shawnee  Creek  below  Xenia  and  the  East  Fork  of  -he  Great  Miami 
River  below  Batavia.  In  addition,  many  of  the  smaller  tributaries 
have  unsatisfactory  conditions  during  the  low  flow  periods  due  to 
residual  organic  waste  discharges  frean  communities. 


Great  Miami  River  Basin 
Municipal  and  Industrial  Water  Supply  Problems 

Ground  water  is  used  almost  exclusively  as  a source  of  supply 
by  municipalities  in  this  basin.  The  major  municipal  and  industrial 
water  use  in  the  basin  occurs  in  Ohio  in  the  Hamilton-Middletovn-Dayton 
reach  of  the  Great  Miami  River. 

Ground  water  aquifers  appear  to  have  sufficient  storage  capa- 
bilities to  meet  futute  needs,  if  the  recharge  frem  the  Great  Miami 
River  to  the  glacial  outwash  aquifers  is  maintained  or  artificially 
improved.  The  low  flow  (90  pet  duration  flow)  of  the  Great  Miami 
River  at  Hamilton  is  almost  500  cfs,  so  water  in  adequate  quantities 
will  probably  always  be  available  for  recharging  of  the  aquifers. 


Dayton,  Chlo,  Is  In  an  area  where  there  are  vast  quantities  of  untapped 
ground  water.  Alternative  surface  water  sources  potentially  could 
provide  storage  to  meet  water- supply  needs  for  the  Dayton  area  after 
1980.  The  proposed  Caesar  Creek  Reservoir  in  the  Little  Miami  Basin 
is  one  possibility.  An  economic  appraisal  of  relative  coarts  of 
ground,  surface,  and  conjunctive  water  supplies  for  Layton,  as  well 
as  the  costs  for  other  benefits  that  can  be  derived  from  reservoirs  — 
such  as  flood  control,  recreation,  navigation,  etc.  should  precede 
planning  for  any  individual  facility. 

Water  Quality  Control  Problems 

The  major  problem  area  in  the  Great  Miami  River  Basin  is  in  the 
Great  Miami  River  below  Dayton,  Chio.  Even  with  secondary  treatment  of 
organic  wastes  by  the  city  of  Dayton,  present  critical  low  summer 
flows  in  the  Great  Miami  River  are  not  sufficient  to  assimilate  residual 
organics  discharged  to  the  stream  without  degradation  of  water  quality. 

This  condition  will  become  worse  under  projected  growth  and  industrial 
activity. 

Major  industrial  activity  resulting  in  the  discharge  of  organic 
wastes  occurs  in  the  Hamilton- Middletown- Dayton  reach.  Assuming 
removals  equivalent  to  secondary  treatment  of  these  wastes  as  well  as 
municipal  wastes  in  this  reach,  provision  of  stated  flows  at  Dayton  will 
maintain  satisfactory  conditions  at  downstream  points. 

Stream  conditions  are  unsatisfactory  at  the  present  due  to 
residual  organic  discharges  in  the  main  stem  of  the  Great  Miami  River 
below  Sidney  and  Piqua,  in  the  Stillwater  River  below  Covington,  in 
Greenville  Creek  below  Greenville,  in  Sevenmile  Creek  below  Baton,  in 
Fourmile  Creek  below  Oxford,  in  Buckongahelas  Creek  below  Belief ontalne 
and  during  periods  of  low  flow  in  the  Bast  Fort  of  the  Whitewater  River 
below  Richmond,  Indiana.  Projected  population  growth  and  industrial 
activity  indicates  that  by  1980  unsatisfactory  stream  conditions  will 
occur  in  the  main  stem  Great  Miami  River  below  Troy  and  Vandalia,  in  the 
Mad  River  below  Springfield  and  in  the  Stillwater  River  below  West  Milton. 

By  2000,  unsatisfactory  stream  conditions  will  occur  below  Tipp  City  on 
the  main  stem  Great  Miami  River,  below  Urbana  in  the  Mad  River  and  below 
Connersvllle,  Indiana  on  the  West  Fort  of  the  Whitewater  River.  In  addition, 
many  of  the  smaller  tributaries  have  unsatisfactory  conditions  due  to 
residual  organic  waste  discharges  from  communities. 
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II  DESCRIPTION  OF  STUDY  AREA 


The  Little  Miami  River  and  the  Great  Miami  River  along  with  Mill 
Creek,  a minor  tributary  of  the  Ohio  River,  drain  the  southwestern 
portion  of  the  State  of  Ohio  and  a portion  of  the  southeastern  corner 
of  the  State  of  Indiana.  Mill  Creek  is  considered  as  a main  stem 
tributary  and  will  be  discussed  a«  oart  of  the  Cincinnati  main  stem 
drainage.  The  Great  Miami  River  Basin  and  the  Little  Miami  River  Basin 
are  grouped  in  the  Protective  Econanic  Study  ana  have  similar 
physical  features  and  geologic  history,  as  well  as  a similar  economic 
base . 


Little  Miami  River  Basin 


Location  and  Boundaries 

The  Little  Miami  drainage  area  is  located  entirely  in  the  south- 
western portion  of  the  State  of  Ohio.  The  Little  Miami  River  rises 
in  Clark  County  Ohio  and  flows  in  a general  southwesterly  direction 
for  approximately  106  river  miles  to  its  confluence  with  the  Ohio  River 
in  the  eastern  suburbs  of  the  city  of  Cincinnati,  46L  river  miles 
below  Pittsburgh,  Pennsylvania.  The  total  drainage  area  of  the  basin 
is  1,755  square  miles,  covering  all  or  part  of  the  12  counties  listed 
in  Table  la,  but  lies  principally  within  the  counties  of  Clermont, 
Clinton,  Greene  and  Warren  (See  Figure  8-1). 

The  main  tributaries  comprising  the  Little  Miami  River  system 
are  shown  in  Table  2a. 

Physical  Features 

The  entire  Little  Miami  River  Basin  lies  in  the  Glaciated  Till 
Plains  division  of  the  Central  Lowlands  physiographic  province.  The 
topography  is  typified  by  level  to  gently  rolling  plains  in  the  upper 
and  middle  portion  of  the  basin  which  are  broken  by  the  wide  valleys 
of  the  major  streams.  In  the  lower  reaches,  the  topography  changes 
to  rolling  and  hilly  terrain. 


Glaciation  by  at  least  two  major  ice  sheets  has  affected  the 
watershed.  The  Wisconsin  si  et  going  down  to  about  the  northern 
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boundary  of  Hamilton  County  and  the  Illinois  sheet  covering  the 
entire  area.  Upon  receeding,  the  outwash  carried  by  meltwaters 
filled  the  major  drainageways . The  glacial  outwash  material  consists 
primarily  of  coarse  sand  and  gravel.  Most  of  the  upland  areas  were 
covered  with  till  ccanposed  of  clay,  sand  and  stones. 

The  entire  area  is  underlain  by  consolidated  rocks  of  sedi- 
mentary origin,  including  shale,  limestone  and  dolomite,  ranging  in 
age  from  Late  Ordovician  to  Silurian. 

There  are  no  large  natural  lakes  in  the  basin.  Principal 
bodies  of  water  are  Cowan  Lake  on  Cowan  Creek  south  of  Wilmington, 
Ohio  and  Stonelick  Lake  on  Stonelick  Creek  near  Edenton,  Ohio. 

The  Corps  of  Engineers  is  studying  multiple  purpose  reservoirs  on 
Caesar  Creek  near  Harveysburg  and  on  the  East  Fork  Little  Miami  River 
near  Batavia,  Ohio. 

Climate 

The  average  annual  precipitation  over  the  Little  Miami  River 
Basin  is  about  4l  inches,  varying  from  over  38  inches  in  the  northern 
part  of  the  basin,  to  about  46  inches  around  Wilmington,  Ohio  in  the 
central  part  of  the  basin,  and  40  inches  in  the  southern  part  of  the 
basin,  generally  well  distributed  throughout  the  year. 

The  mean  average  annual  temperature  for  the  Little  Miami  River 
Basin  is  about  54°F.  Average  minimum  temperature  is  about  32®F  in 
January  with  the  average  maximum  temperature  of  about  77°F  occurring 
in  July.  Frost-free  days  vary  from  about  165  days  in  the  northern 
portion  to  about  190  days  in  the  southern  portion. 

Principal  Communities  and  Industries 

The  major  city  in  the  basin  is  Xenia.  Other  principal  commu- 
nities are  shown  in  Table  3a. 

Cattle,  hog  and  poultry  raising  and  the  dairy  industry  are  the 
principal  components  of  the  agriculture  industry  in  the  basin.  Corn, 
primarily  used  for  feed,  and  wheat  are  the  principal  crops. 

Sand  and  gravel,  primarily  for  the  construction  industry,  is 
produced  in  all  counties,  but  the  major  output  is  in  Hamilton  County. 
Clay,  used  in  the  manufacture  of  cement.,  limestone  for  road  metal, 
and  aggregate  for  concrete  are  processed  primarily  in  Greene  County. 


Industry  in  the  basin  at  Xenia,  includes  food  processing, 
furniture  and  machinery  manufacturing;  at  Wilmington,  machine  tools 
and  castings;  and  at  Lebanon,  heating  equipment,  manufacturing  and 
structural  steel  fabrication. 


Great  Miami  River  Basin 


Location  and  Boundaries 


The  Great  Miami  River  drainage  area  is  located  in  the  southwestern 
portion  of  the  State  of  Ohio  and  the  southeastern  portion  of  the 
State  of  Indiana.  The  portion  of  the  drainage  area  in  the  State  of 
Ohio  lies  principally  within  the  counties  of  Butler,  Preble, 

Montgomery,  Darke,  Miami,  Clark,  Champaign,  Shelby  and  Logan  and  in 
the  State  of  Indiana,  principally  within  the  counties  of  Wayne, 

Fayette,  Union  and  Franklin. 

The  Great  Miami  River  rises  in  Logan  County,  Ohio,  and  flows  in  a 
southwesterly  direction  for  approximately  172  river  miles  to  its 
confluence  with  the  Ohio  River  near  the  Ohio- Indiana  State  boundary 
line,  491  river  miles  below  Pittsburgh,  Pennsylvania.  The  total 
drainage  area  of  the  basin,  covering  all  or  part  of  the  25  counties 
listed  in  Table  lb,  is  5 >385  square  miles,  of  which  3 >950  square 
miles  are  in  Ohio  and  1,435  square  miles  are  in  Indiana.  The  White- 
water  River  enters  the  Great  Miami  Ri\er  at  a point  five  miles  above  its 
confluence  with  the  Ohio  River  and  drains  all  or  part  of  ten  counties 
in  Indiana,  while  the  Great  Miami  River  main  stem  and  other  tributaries 
drain  all  or  part  of  15  counties  in  Ohio.  These  counties  are  listed 
in  Table  lb. 

The  main  tributaries  comprising  the  Great  Miami  River  system  are 
shown  in  Table  2b  and  Figure  8-1. 

Physical  Features 

The  entire  Great  Miami  River  Basin  lies  in  the  Glaciated  Till  Plains 
division  of  the  Central  Lowlands  physiographic  province.  The  topo- 
graphy is  typified  by  level  to  gently  rolling  plains  in  the  upper  and 
middle  reaches  of  the  basin  which  are  broken  by  the  wide  valleys  of 
the  major  streams.  In  the  lower  reaches,  the  topography  changes  to 
rolling  to  hilly  terrain  as  the  rivers  and  their  tributaries  flow 
toward  the  Ohio  River. 

Glaciation  by  at  least  two  major  ice  sheets  has  affected  the 
watershed.  The  Wisconsin  sheet  going  down  to  about  the  northern 
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boundary  of  Hamilton  County  and  the  Illinois  sheet  covering  the  entire 
area.  Upon  receding,  the  preglaciai  valleys  were  filled  with  thick 
deposits  of  glacial  outwash  material  consisting  primarily  of  coarse 
sand  and  gravel.  Most  of  the  upland  areas  are  covered  with  till  com- 
posed of  clay,  sand  and  stones. 

The  entire  area  is  underlain  by  consolidated  rocks  of  sedimen- 
tary origin,  including  shale,  limestone  and  dolomite,  ranging  in  age 
from  Late  Ordovician  to  Silurian. 

There  are  no  large  natural  lakes  in  the  basin.  In  Ohio,  Acton 
Lake  near  Oxford,  Clark  Lake  near  Springfield  and  Kiser  Lake  near 
Urbana,  were  constructed  by  the  State  of  Ohio  for  recreation  purposes. 

In  the  headwaters  region  of  the  Great  Miami  River  Basin,  Indian  Lake 
on  the  main  stem  and  Loramie  Lake  on  Lor ami e Creek  were  constructed  as 
feeder  lakes  for  the  now  abandoned  Miami-Erie  Canal  and  are  now 
operated  for  recreation  by  the  State  of  Ohio.  The  Corps  of  Engineers 
is  constructing  two  multiple-purpose  reservoirs,  one,  Buck  Creek  Reservoir 
at  Springfield,  Ohio  on  Buck  Creek,  a tributary  of  the  Mad  River  and  two, 
the  Brookville  Reservoir  near  Brookville,  Indiana  on  the  East  Pork  of 
the  Whitewater  River.  Flood  flows  in  the  Great  Miami  River  Basin  have 
been  regulated  since  1929  by  five  retarding  reservoirs.  Four  of  the 
retarding  reservoirs  are  located  on  tributaries  and  one  is  located  on 
the  main  stem. 

Climate 

The  average  precipitation  varies  frcm  about  39  inches  in  the 
south,  to  33  inches  in  the  north,  generally  well  distributed  through- 
out the  year. 

In  the  Great  Miami  River  Basin,  ave.  j annual  temperatures 
vary  from  55°F  in  the  southern  portion  of  the  basin  to  51°F  in  the 
northern  portion.  Mean  temperatures  range  from  33°F  in  January  to 
77°F  in  July  in  the  southern  portion  of  the  basin  and  from  29°F  in 
January  to  7^°F  in  July  in  the  northern  portion. 

Frost-free  days  in  the  Great  Miami  River  Basin  vary  frcm  about 
165  days  in  the  northern  portion  to  about  190  days  in  the  southern 
portion  of  the  basin. 

Principal  Communities  and  Industries 


Major  communities  in  the  basin  are  Dayton,  Springfield, 
Hamilton,  Middletown,  Fairborn  and  Piqua,  Ohio,  and  Richmond  and 
Connersville > Indiana.  Other  principal  communities  axe  shown  in 
Table  3b. 


Wr 


The  leading  industries  in  the  basin  are  those  concerned  with 
paper  and  metal.  The  majority  of  the  pulp  and  paper  mills  are  located 
on  the  Great  Miami  River  between  Tipp  City  and  Hamilton,  Ohio.  Metal  plants, 
producing  a wide  variety  of  products  ranging  from  structural  steel 
to  intricate  machinery,  are  located  in  the  larger  communities  in  the 
basin.  Industries  related  to  agriculture,  such  as  the  dairy,  meat 
packing  and  canning  industries,  are  prevalent  in  the  basin  and  consti- 
tute a large  portion  of  the  industry  in  the  smaller  communities. 

There  are  also  other  various  types  of  industries  such  as  textile, 
rubber,  oil  refinery,  chemical  and  tobacco. 


m 
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Ill  WATER  RESOURCES 


Little  Miami  River  Basin 
Surface  Water  Resources 


Quantity- 

Major  recreation  reservoirs  in  the  basin  are  Cowan  Lake  south 
of  Wilmington,  Ohio,  and  Stonelick  Lake  near  Edenton,  Ohio.  Neither 
reservoir  has  any  pronounced  effect  on  surface  flows.  Both  impound- 
ments were  constructed  by  the  State  of  Ohio.  Table  4 shows  pertinent 
data  regarding  these  reservoirs. 

The  streams  in  the  upper  basin  above  Waynesville  have  good 
sustained  dry  weather  flows.  Frcm  Waynesville,  southward  streams 
have  lower  sustained  flows  but  streams  with  drainage  areas  in  excess 
of  50  square  miles  go  dry  only  occasionally. 

Streamflcrw  data  shown  in  Table  5avere  excerpted  from  data 
prepared  by  the  Corps  of  Engineers  .V 

Quality 

Surface  waters  in  the  natural  state  in  the  basin  are  hard  waters 
containing  bicarbonates  of  calcium  and  magnesium  ranging  from  about 
250  to  400  mg/l  in  the  northern  portion  of  the  basin  and  from  about 
200  to  300  mg/l  in  the  southern  portion.  Concentrations  of  dissolved 
solids  are  less  during  high  flows  than  during  low  flows  when  the 
water  is  largely  from  underground  sources.  Changes  in  quality  are 
affected  in  local  reaches  of  the  stream  by  discharges  of  domestic 
wastes. 

Ground  Water  Resources 


Quantity 

Ground  water  resources  are  described  by  the  U.  S.  Geological 
Survey^/ and  most  of  the  following  discussion  has  been  condensed 
therefrom. 

1 / Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 

2/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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The  upper  part  of  the  basin  is  underlain  by  fairly  extensive 
outwash  deposits  frcm  the  continental  ice  sheets.  Outwash  sands  and 
gravel  are  present  in  the  lower  Little  Miami  River  Basin  only  in  the 
reach  between  Loveland  and  the  mouth.  Yields  of  individual  large 
diameter  wells  in  these  deposits  are  commonly  500  to  1,000  gpm. 

Most  of  the  other  areas  are  covered  with  relatively  impermeable  till 
and  except  where  sand  and  gravel  deposits  within  the  drift  are  suffi- 
ciently thick  and  extensive  and  can  be  recharged  by  streams  and 
rainfall  the  yield  to  wells  is  small  and  uncertain.  Their  distribu- 
tion is  rather  unpredictable. 

Bedrock  underlying  the  basin  consists  essentially  of  alternating 
thin  beds  of  calcareous  shale  and  limestone  and  is  generally  a poor 
source  of  underground  water  although  in  the  northeastern  section  of 
the  basin  the  limestone  may  yield  adequate  supplies  for  farm  and 
domestic  needs. 

Quality 

Water  from  wells  located  in  glacial  outwash  material  are  hard 
waters  of  the  calcium  bicarbonate  type  and  usually  contain  objectionable 
amounts  of  iron  and  manganese.  Hardness  ranges  from  300  to  400  mg/l 
with  1.0  mg/l  or  more  of  iron. 


Great  Miami  River  Basin 

Surface  Water  Resources 
Quantity 

Major  reservoirs  in  the  basin  are  Indian  lake  in  the  head- 
waters of  the  Great  Miami  River,  Loramie  Lake  located  on  Loramie  Creek, 
Acton  Lane  on  Four  Mile  Creex,  Clark  Lake  on  Sinking  Creek  and  Kiser 
Lake  on  Mosquito  Creek.  These  reservoirs  have  no  direct  effect  on  flow 
conditions  in  the  Great  Miami  Basin.  Pertinent  data  relating  to  these 
reservoirs  are  shown  in  Table  4. 

Indian  Lake  and  Loramie  Lake  along  with  Grand  Lane  in  the  Wabash 
River  Basin  were  constructed  to  serve  as  feeder  lakes  for  the  Miami - 
Erie  Canal  which  by  1845  connected  Cincinnati  and  Dayton  with  Lake 
Erie  at  Toledo.  From  Cincinnati  the  canal  followed  Mill  Creek  through 
Hamilton  County  to  Butler  County  and  then  followed  the  Great  Miami  River 
through  Middletown,  Dayton  and  Piqua.  The  canal  route  then  followed 
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Loramie  Creek  and  crossed  the  divide  into  the  Maumee  River  Basin. 

Small  portions  of  this  canal  remain  intact  in  the  Great  Miami  River 
Basin  and  serve  as  a source  of  hydropower  at  Hamilton,  Ohio,  and  a 
source  of  water  for  industry  in  several  canmunities . 

Acton,  Clark  and  Kiser  Lakes  were  constructed  by  the  State  of 
Ohio  and  are  operated  for  recreation  purposes. 

Flood  flows  in  the  Great  Miami  River  frcm  Dayton  to  the  mouth 
have  been  regulated  since  1920  by  one  of  the  most  elaborate  flood 
control  reservoir  systems  in  the  country.  Reservoirs  located  in  the 
basin  were  constructed  with  local  funds  by  a local  authority,  the 
Miami  Conservancy  District.  The  reservoir  dams  by  nature  of  their 
design,  which  does  not  involve  any  movable  parts,  are  nonoperating 
during  periods  of  normal  flow. 

The  Mad  River  has  high  sustained  low  flow  and  has  the  highest 
unit  yield  (0.31  cf s/square  mile)  of  all  the  streams  in  the  State  of 
Ohio.  The  Stillwater  River  has  below  average  unit  yields  for  the  basin 
while  the  Great  Miami  River  above  Dayton  has  a somewhat  higher  unit  yield. 
The  Whitewater  River  has  unit  yields  typical  for  a stream  underlain  by 
permeable  gravel  deposits  (0.12  cfs/square  mile,  90  percent  or  more 
of  the  time) . 

Shown  in  Table  5b  are  streamflow  data  excerpted  from 
hydrology  data  prepared  by  the  Corps  of  Engineers .1/ 

Quality 

Surface  waters  of  the  Great  Miami  River  Basin  contain  moderate 
amounts  of  dissolved  solids  with  an  average  concentration  of  ^00  mg/l 
and  are  primarily  hard  waters  of  the  calcium  bicarbonate  or  magnesium 
carbonate  type  averaging  about  300  mg/l. 

The  primary  cause  of  adverse  water  quality  in  the  Great  Miami 
River  Basin  is  organic  wastes  from  municipal  sewerage  systems  and 
industrial  outfalls.  The  discharge  of  heat  loads  during  periods  of 
low  flow  are  of  significance  in  the  lower  reach  of  the  main  stem  at 
Miamisburg  and  Dayton,  Ohio. 

Ground  Water  Resources 


Quantity 

Glacial  outwash  deposits  underlie  nearly  the  entire  course  of 
the  Great  Miami  River  south  of  Dayton  and  nearly  all  the  course  of  the 


1/  Hydrology  of  the  Ohio  River  Basin,  Appendix  c,  Ohio  River  Basin 
Comprehensive  Survey. 
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Mad  River  and  other  major  tributary  valleys  including  the  Whitewater 
River.  These  outwash  deposits  serve  as  a source  of  municipal  water 
supplies  for  practically  all  the  communities  in  the  basin.  While 
large  quantities  of  water  are  withdrawn,  vast  areas  of  the  valley 
fill  remain  untapped.  Sane  of  the  outwash  deposits  are  covered  by 
surface  structures  built  in  normal  city  and  industrial  development 
in  the  larger  cities  of  the  basin,  but  the  aquifer  nevertheless 
lends  itself  to  recharge  fran  infiltration  free  precipitation,  as 
well  as  induced  recharge  fran  streams.  Wells  developed  in  this 
material  situated  sufficiently  near  a stream  to  be  recharged  by 
induced  infiltration,  can  yield  as  much  as  3 >000  gpm.  Wells  not 
receiving  induced  recharge  can  be  expected  to  yield  500  to  1,000  gpm. 

Bedrock  aquifers  have  never  been  extensively  developed  due 
probably  to  the  abundance  of  water  available  in  the  outwash  deposits. 
Limestones  and  dolomites  occur  in  the  northern  part  of  the  area  and 
on  the  eastern  and  western  edges.  Generally,  small  to  moderate 
ground  water  supplies  of  from  10  to  50  gpm  can  be  developed. 

Quality 

Waters  fran  ground  sources  average  about  U50  mg/l  of  dissolved 
solids.  The  water  is  of  the  calcium  bicarbonate  or  magnesium 
carbonate  type  averaging  about  350  mg/l  in  hardness.  Iron  content 
is  generally  excessive,  less  than  1.5  mg/l,  in  water  obtained  fran 
shallow  wells  up  to  130  feet  deep  located  in  outwash  deposits  and 
is  still  higher  in  the  deeper  wells  located  in  this  material  and  in 
limestone  shales  underlying  the  basin. 


i 
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IV  THE  ECONOMY 


Approximately  one-fourth  of  the  Little  Miarai-lreat  Miami  subarea 
of  the  Projective  Economic  Study  lies  in  Indiana  and  contains  the 
middle  and  upper  reaches  of  the  Whitewater  River  watershed.  The 
remaining  three-fourths  of  the  subarea  lies  in  Ohio,  and  contains 
the  middle  and  upper  reaches  of  the  Great  Miami  and  Little  Miami  River 
drainage  basins.  For  the  purpose  of  utilizing  the  projections  of 
the  subarea  for  estimating  future  water  requirements  and  waste  loads, 
whicn  are  related  to  hydrology,  the  subarea  has  been  divided  into  two 
minor  areas  designated  L-l  and  L-2.  The  L-l  minor  area  includes  the 
four  counties  of  the  subarea  lying  in  Indiana  on  the  Whitewater  River, 
and  the  L-2  minor  area  includes  the  remaining  12  Ohio  counties.  The 
counties  in  each  minor  area  are  listed  in  Table  6 and  7. 

Economic  Profiles 


Minor  Area  L-l 

The  L-l  minor  area  had  a population  of  122,000  in  I960  with 
Connersville  and  Richmond  the  largest  cities.  The  personal  per  capita 
income  of  $1,631  in  the  minor  area  was  below  that  for  States  of  Indiana 
and  Ohio,  which  were  $1,832  and  $1,957  respectively. 

Manufacturing  is  the  most  important  employment  category  with 
Franklin  and  Wayne  Counties  experiencing  an  increase  in  establish- 
ments employing  100  or  more  employees,  fm-m  3c  in  1058  to  45  by  1064. 
The  major  industries  are  machinery,  elec  machinery,  other 

durables,  fabricated  metals  and  primary  metals. 

Although  agriculture  had  experienced  a decline  in  employment 
of  4.3  percent  per  year  between  1950  and  I960,  the  value  of  farm 
products  sold  was  $33  million  in  1959  representing  an  increase  of 
$500,000  over  1054.  Livestock  and  livestock  products  accounted  for 
over  70  percent  of  the  above  total  value.  Irrigation  in  the  area  is 
unimportant,  having  only  100  acres  under  irrigation  in  1959. 

No  mining  activity  was  reported  in  io60. 

Minor  Area  L-2 

Five  of  the  12  counties  in  L-2,  Butler,  Clark,  Greene,  Miami 
and  Montgomery,  are  designated  standard  metropolitan  statistical 


areas.  The  major  portion  of  the  land  area  of  Greene  County  is  in 
the  Little  Miami  River  Basin.  Seventy-nine  percent  of  total  L-2 
population  of  1,297,000  resided  in  the  above  five  counties  in  I960, 
and  their  urban  population  amounted  to  80.5  percent  of  their  total 
population  contrasted  to  only  31*1*  percent  for  the  remaining  seven 
counties.  Per  capita  personal  inccme  equaled  $2,033  there  compared 
to  $1,563  in  the  remaining  seven  counties  and  $1,957  in  the  State. 

Although  manufacturing  employment  increased  19.5  percent  over 
1950  compared  to  a 15.1  percent  increase  for  Ohio,  the  area  experienced 
no  increase  in  manufacturing  establishments  with  100  or  more  employees 
between  1958  and  1964,  an  increase  in  smaller  plants  having  absorbed 
the  increase  in  employment.  The  most  important  manufacturing  indus- 
tries are  machinery,  electrical  machinery  and  other  nondurables, 
including  paper  products,  motor  vehicles,  and  printing  and  allied 
products . 

A pulp  mill  of  05  tons  per  day  capacity  is  located  at  Franklin 
in  Warren  County. 

Agricultural  employment  declined  4.3  percent  per  year  between 
1950  and  i960  and  134,000  acres  were  taken  out  of  production  between 
1954  and  1959-  Even  so,  the  value  of  farm  products  sold  has  remained 
at  about  the  1959  level  of  $154  million.  Livestock  and  livestock 
products  accounted  for  60  percent  of  this  total'  and  field  crops  for 
34  percent.  About  2,000  acres  were  irrigated  in  1959>  an  increase 
since  1954  when  1,300  acres  were  irrigated. 

Mining  activity  is  aunost  exclusively  confined  to  crushed  and 
broken  stone  and  to  sand  and  gravel  extraction. 

Projected  Population  and  Industrial  Activity 


Population  of  the  Little  Miami-Great  Miami  subarea  is  projected  to 
increase  from  1.4  million  in  i960  to  1.8  million  by  1980  and  3-0 
million  by  2020  (See  Table  6).  Whereas  the  subarea  contained  7.5 
percent  of  total  Ohio  River  -Basin  population  in  i960,  it  is  expected 
to  contain  8.3  percent  by  2000.  Table  6 shows  the  historical  and 
projected  population  for  the  L-l  and  L-2  minor  areas. 

Manufacturing  output  is  expected  to  double  by  1980  from  $4.5 
billion  in  1060  to  $9.0  billion  in  I960  and  to  be  $15.6  billion  by 
2000.  Table  7 shows  i960  total  employment,  manufacturing  employment 
and  manufacturing  output.  Projections  to  1980,  2000,  and  2020  for 
the  minor  areas  are  shown  ar  indices  using  i960  as  the  base. 
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Agricultural  output  is  projected  to  increase  from  $301 
million  in  I960  to  $319  million  by  i960  and  to  $406  million  by  2000. 

In  addition  to  the  counties  included  in  the  Little  Miami-Great  Miami 
uoarea  in  the  Projective  Economic  Study,  six  other  counties  have 
md  area  within  the  Little  Miami  River  Basin  and  ten  other  counties 
have  land  area  within  the  Great  Miami  River  Basin.  These  counties  axe  listed 
in  Tables  8a  and  8b  respectively.  In  some  of  the  counties  there  are 
communities  with  significant  water  use  and  projections  of  their  water 
requirements  are  based  on  the  projections  of  the  Projective  Economic 
Study  subarea  in  which  they  have  been  located. 


* 


V WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


Little  Miami  River  Basin 
Present  and  Projected  Wetter  Use 

There  are  twenty-eight  central  water  supply  systems  in  the  Little 
Miami  River  Basin,  a part  of  the  L-2  minor  area,  serving  a population 
of  125,730.  The  i960  average  daily  water  use  is  11.757  mgd,  amounting 
to  91*  gallons  per  capita  daily  use.  Approximately  85  percent  of  the 
water  used  for  municipal  supplies  is  from  ground  sources.  The  major 
water  users  in  the  upper  basin  are  Xenia  in  Greene  County  serving  a 
population  of  22,500  with  2.750  mgd  from  wells,  and  Wilmington  in 
Clinton  County  serving  a population  of  10,000  with  0.913  mgd  from  a 
surface  source  on  Cowan  Creek.  In  the  lower  basin,  the  water  supply 
systems  shown  in  Hamilton  and  Clermont  Counties  serve  a population  of 
approximately  55,000  in  ccmnunities  adjacent  to  the  city  of  Cincinnati. 
About  90  percent  of  the  population  is  served  from  ground  sources. 

The  present  municipal  and  industrial  water  use,  by  county,  is  totaled 
by  economic  subarea  and  the  basin,  and  is  shown  in  Table  9a. 

Based  on  population  increase  and  projected  industrial  activity, 
estimated  water  use  will  increase  in  the  Little  Miami  River  Basin 
as  shown  in  Table  10a.  It  is  estimated  that  total  municipal  and 
industrial  water  requirements  will  triple  by  2020.  The  major  increases 
will  probably  occur  in  about  the  present  centers  of  population  and 
industry. 

In  the  upper  basin,  the  major  growth  will  probably  occur  in 
Greene  County  in  the  vicinity  of  Xenia,  part  of  the  Dayton  S.M.S.A., 
and  in  Clinton  County  around  Wilmington. 

In  the  other  areas,  major  population  growth  will  probably  occur 
in  Clermont  and  Hamilton  Counties  by  expansion  and  extension  of  the 
present  Cincinnati,  Ohio  suburbs. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10a, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5a,  and  availability 
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of  ground  water  reported  by  the  U.  S.  Geological  Survey^  were  used 
to  arrive  at  a judgment  as  to  need  for  future  development  of  sources 
of  water  supply. 

In  the  part  of  minor  area  L-2 , occupied  by  the  Little  Miami 
River  Basin,  the  total  water  use  is  projected  to  increase  to  12.7 
mgd  by  1980,  17. S mgd  by  2000  and  to  23.2  mgd  by  2020  (Table  10a). 
Most  of  the  increase  will  probably  be  in  municipal  use. 

Listed  in  Table  11a  are  the  larger  communities  in  the  basin 
which  are  considered  problem  areas  with  the  approximate  time  of  onset 
of  the  problem. 

TABLE  11a 

LITTI£  MIAMI  RIVER  BASIN 
Water  Supply  Problem  Areas 


Minor  Area  Present  i960 
Xenia  L-2  X 
Blanche ster  L-2 


Yellow  Springs 

L-2 

X 

Dee  rf ie ld-Hami lton 

S.D.L-2 

X 

Lebanon 

L-2 

X 

Mason 

L-2 

X 

Batavia  S.D.- 
Pierce-Union 

K-2 

X 

Loveland 

L-2 

X 

Milford 

K-2 

X 

Stone lick  S.D.- 
Miami -Goshen 

K-2 

X 

Indian  Hill 

K-2 

X 

Wilmington 

L-2 

X 

1/  Ground-Water  Distribution  and  Potential  in  the  Ohio  Ri.-er  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 


2000  2020 
X 
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The  projections  shown  should,  be  considered  minimal  since  they 
are  based  on  the  present  availability  of  water  from  a limited  areal 
source.  All  of  the  communities  listed  as  problem  areas  except 
Manchester  and  Wilmington,  use  ground  water  sources.  In  the  lower 
basin,  Indian  Hill,  Milford,  Stonelick  Sanitary  District  and  Loveland 
and  Xenia  in  the  upper  basin  can  meet  increased  needs  by  expansion 
and  extension  of  their  present  well  fields.  The  Batavia  Sanitary 
District  serving  customers  in  Clermont  County  has  its  source  of  supply 
in  the  aluvium  along  the  Ohio  River  and  should  be  able  to  meet  future 
needs  by  expansion  of  well  field  facilities.  In  the  upper  basin, 
glacial  outwash  along  the  Little  Miami  River  has  considerable  potential 
for  further  development.  However,  construction  of  a reservoir  to 
store  water  for  projected  municipal  and  industrial  use,  and  construction 
of  a distribution  system  to  serve  many  of  the  smaller  communities  in 
nearby  water-short  areas  could  stimulate  the  economy.  Such  a reservoir 
on  Caesar  Creek,  now  under  study  by  the  Corps  of  Engineers,  could 
provide  this  storage . The  feasibility  of  developing  either  underground 
or  surface  sources  of  supply,  or  both  conjunctively,  needs  to  be 
objectively  studied. 


Great  Miami  River  Basin 


Present  and  Projected  Water  Use 


There  are  86  central  water  supply  systems  in  the  Great  Miami 
River  Basin,  serving  a population  of  935,500.  The  i960  average  daily 
water  use  is  130.609  mgd,  amounting  to  lUO  gallons  average  per  capita 
daily  use. 


In  the  basin,  approximately  97  percent  of  the  water  used  for 
municipal  supplies  is  from  ground  sources.  Approximately  6l  percent 
of  the  municipal  use  is  developed  in  Butler  and  Montgomery  Counties, 

Ohio  of  which  Hamilton  and  Middletown  are  the  principal  cities  in  the 
former  county  and  Dayton  is  the  principal  city  in  the  latter  county. 

In  Ohio,  surface  water  is  used  as  a source  of  municipal  water  supply 
for  only  three  municipalities,  College  Comer  (population  served,  1,200) 
in  Butler  County,  Greenville  (population  served,  10,500)  in  Darke  County 
and  Piqua  (population  served,  19,980)  in  Miami  County.  Richmond,  Indiana 
has  a combined  surface  and  ground  source.  The  Indiana  towns  of  West 
College  Corner  and  Oldenburg  purchase  treated  surface  water  from  College 
Corner,  Ohio  and  Batesville,  Indiana,  respectively. 

The  present  municipal  and  industrial  water  use  in  the  basin  is 
listed  by  county  and  totaled  for  economic  subareas  and  the  basin  in 
Table  9b.  Minor  area  L-l  consists  of  four  Indiana  counties  drained 
primarily  by  the  Whitewater  River.  The  major  communities  of  Connersville 
and  Richmond  account  for  approximately  70  percent  of  the  population 
served  and  88  percent  of  the  water  use  in  the  subbasin.  The  majority  of 
the  self-supplied  industrial  water  use  is  located  near  these  communities. 
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In  the  Great  Miami  River  Basin  portion  of  the  L-2  minor  area,  the 
municipal  water  use  developed  in  the  Hamilton-Middle town- Dayton 
reach  by  11  communities  accounts  for  69  percent  of  the  total  water 
use  in  the  L-2  area  and  Springfield  accounts  for  over  12  percent. 

The  other  57  communities  account  for  the  remaining  water  use. 

About  85  percent  of  industrial  water  use  in  the  basin  is  located  in 
the  Hamilton-Middletown-Dayton  reach  of  the  Great  Miami  River,  of  which 
about  93  percent  is  from  ground  sources.  Approximately  6l  percent 
is  used  for  cooling  purposes. 

In  other  areas  of  the  basin,  the  major  water  use  is  located 
in  Hamilton  County  in  the  lower  portion  of  the  basin.  Of  the  50  mgd 
developed,  approximately  58  percent  of  the  water  use  is  from  surface 
sources  and  is  used  primarily  for  industrial  cooling  purposes.  Approximately 

13  mgd  of  the  20.5  mgd  from  ground  sources  is  diverted  to  the  Mill 
Creek  drainage  basin  and  serves  industries  in  this  area. 

Based  on  population  increase  and  projected  industrial  activity, 
estimated  water  use  will  increase  three  fold  in  the  Great  Miami  River  Basin. 
This  is  shown  in  Table  10b.  The  major  increase  will  probably  occur 
in  or  about  the  present  centers  of  population  and  industrial  activity. 

In  minor  area  I>1,  water  use  is  projected  to  increase  by  2020 
to  over  4.5  times  the  i960  use.  The  major  increases  will  probably 
occur  in  the  Richmond  and  Conner svi lie  areas. 

Projected  water  use  in  the  Great  Miami  River  Basin  portion  of  the 
L-2  minor  area  is  projected  to  increase  approximately  3 fold  by  2020 
and  will  probably  be  located  for  the  most  part  along  the  main  stem 
of  the  Great  Miami  River  frcm  Hamilton  to  Dayton  and  beyond,  and  in  the 
Springfield  area  on  the  Mad  River. 

In  other  areas,  an  increase  of  3.5  times  is  projected  by  2020 
with  a proportionate  share  diverted  to  the  Mill  Creek  drainage  area 
and  the  remainder  located  along  the  main  stem  of  the  Great  Miami  River. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10b, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5b  and  avail-  , , 
ability  of  ground  water  as  reported  by  the  U.  S.  Geological  Survey--/ 
were  used  to  arrive  at  a judgment  as  to  the  need  for  future  develop- 
ment of  sources  of  water  supply.  Shown  in  Table  lib  are  problem 
areas  with  the  approximate  time  of  onset. 

l/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 

Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 


TABIE  lib 

GREAT  MIAMI  RIVER  BASIN 


f. 


i 

I 


Water  Supply  Problem  Areas 


Brookvillei/ 

Minor  Area 

Present  1980 

2000  2020 

L-l 

X 

Connersvillei/ 

L-l 

X 

Cambridge  City i/ 
Centerville  1/ 
Richmond-.' 

L-l 

L-l 

L-l 

$ 

X 

Fairfield 

L-2 

X 

Middletown 

L-2 

X 

New  Miami 

L-2 

X 

Oxford 

L-2 

X 

Urbana 

L-2 

X 

Springfield 

L-2 

X 

Greenville 

L-2 

X 

Fairborn 

L-2 

X 

Bellefontaine 

L-2 

X 

Covington 

L-2 

X 

Tipp  City 

L-2 

X 

Troy 

L-2 

X 

West  Milton 

L-2 

X 

Dayton 

L-2 

X 

Englewood 

L-2 

X 

Germantown 

L-2 

X 

Montgomery  Co., Greater 
Moraine  S.D.  L-2 

X 

Eaton 

L-2 

X 

Sidney 

L-2 

X 

Franklin 

L-2 

X 

1/  State  of  Indiana.  Where  not 

noted,  cities  are  in 

the  State  of  Ohio. 

J 
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In  minor  area  L-l,  the  total  water  use  is  projected  to  increase 
to  3^-6  mgd  by  1930,  56.I  mgd  by  2000  and  96.6  mgd  by  2020.  Approximately 
80  percent  of  the  projected  water  use  in  this  subarea  will  be  supplied 
by  central  water  supply  systems.  Municipal  water  needc  as  projected 
will  exceed  the  dependable  yields  of  presently  developed  sources  at 
Brookville,  Connersville,  Cambridge  City,  Centerville  and  Richmond, 

Indiana  by  1980.  Ground  water  sources  can  probably  be  developed  at  Center- 
ville, Connersville  and  Cambridge  City  to  meet  projected  needs.  Inventory 
data  indicate  that  nearly  two- thirds  of  Richmond's  source  is  frcn  im- 
pounded surface  sources,  with  the  remainder  from  ground  sources.  Several 
alternative  solutions  to  meeting  projected  needs  in  the  Richmond  area  are 
up ground  storage  reservoirs  to  be  filled  during  periods  of  medium  to 
high  surface  flows  and  expansion  and  extension  of  the  present  well  fiel-ds. 
Die  Brookville  Reservoir,  that  is  now  under  construction  by  the  Corps  of 
Engineers  will  have  a capacity  of  89,300  acre-feet  for  water  supply. 

In  the  main  stem  Great  Miami  River  drainage  area,  all  communities 
excepting  Greenville  are  using  underground  sources.  Hie  solution  to  the 
water  supply  problems  of  the  communities  using  ground  water  are  expansion 
of  well  fields  and  recharge  of  aquifers  during  periods  of  medium  to 
hi$i  flows  since  storage  capacity  in  the  aquifers  appear  to  be  ample  to 
meet  projected  municipal  and  industrial  water  supply  needs  to  2020.  There 
are  large  quantities  of  untapped  ground  water  in  the  vicinity  of  Dayton, 
the  area  generally  is  so  heavily  huilt  up  that  obtaining  new  well  field 
areas  would  be  difficult.  Dayton  may  have  to  consider  a supplementary 
surface  water  supply  after  1980.  Alternative  surface  water  sources 
potentially  could  provide  storage  to  meet  water-supply  needs  for  the  Dayton 
area  after  1980.  Hie  proposed  Caesar  Creek  Reservoir  in  the  Little  Miami 
Basin  is  one  possibility.  An  economic  appraisal  of  relative  costs  of 
f round,  surface,  and  conjunctive  water  supplies  for  Dayton,  as  well  as  the 
costs  for  other  benefits  that  can  be  derived  from  reservoirs  — such  as 
flood  control,  recreation,  navigation,  etc.  should  precede  planning  for 
any  individual  facility.  Greenville  presently  utilizes  as  a surface 
source,  Greenville  Creek,  which  is  fed  from  morainal  deposits  and  has  a 
hi^h  dry  weather  flow  index.  It  appears  that  by  1980,  based  on  projected 
water  needs,  Greenville's  average  daily  use  will  be  approaching  the  safe 
dependable  yield.  Since  ground  water  is  not  locally  available  in  large 
quantities,  up  ground  reservoirs  may  be  the  solution  to  the  problem. 


VI 


WATER  QUALITY  CONTROL 


Little  Miami  River  Basin 


Present  and.  Projected  Waste  Loads 

Present  waste  loads  generated  are  shown  in  Table  12a.  In  the 
portion  of  minor  area  L-2  occupied  by  the  Little  Miami  River  Basin, 
nearly  90  percent  of  the  present  organic  waste  loads  are  discharged 
from  municipal  sources.  Major  sources  of  waste  discharges  are  from 
Xenia,  Montgomery  County-Beaver  Creek  Sanitary  District,  Wilmington 
and  Lebanon. 

In  the  lower  Little  Miami  River  Basin  listed  as  other  areas, 
the  larger  discharges  are  at  Loveland,  Milford  and  Hamilton  County- 
Sycamore  Sewer  District.  In  the  East  Fork  drainage  area,  the  larger 
organic  discharge  occurs  between  Batavia  and  Milford.  As  the 
Cincinnati  urban  area  continues  to  expand  to  the  east,  much  of  the 
population  increase  will  be  in  this  drainage  area. 

Shown  in  Table  13a  are  the  base  and  projected  waste  loads 
generated  for  the  portion  of  L-2  occupied  by  the  Little  Miami  River 
and  for  other  areas  in  the  basin.  Waste  loads  generated  are  projected 
to  increase  two  and  one-half  times  in  the  basin  by  2020. 

Water  Quality  Control  Problems 


Listed  in  Table  l4a  are  the  more  critical  areas  and  the 
approximate  beginning  date  of  the  need  for  stream  regulation  for 
quality  control  after  secondary  treatment  or  where  further 
appropriate  measures  for  pollution  control  must  be  taken. 

Major  quality  control  problems  in  the  basin  are  in  Little 
Beaver  Creek  below  the  secondary  treatment  plant  of  the  Montgomery 
County,  Beaver  Sanitary  District  and  Shawnee  Creek  below  the  secondary 
treatment  plant  of  Xenia.  Summer  flows  in  these  creeks  are  small 
and  therefore  are  not  capable  of  assimilating  present  residual  organic 
waste  loads.  With  secondary  treatment,  total  flows  in  the  order  of 
20  cfs  are  needed  at  the  present  (i960)  in  Little  Beaver  Creek  and 
Shawnee  Creek  with  about  28  c‘  s in  1980,  35  cfs  in  2000  and  45  cfs 
in  2020.  Storage  to  supply  these  flows  are  not  available  because  of 
the  limited  drainage  area  above  these  cities.  A possible  solution 
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TABLE  lUa 

LITT1E  MIAMI  RIVER  BASIN 

Present  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 

Vicinity 

Economic 

Area 

Approximate  Beginning  Date 
Present  I98O  2000  2020 

Little  Miami  River 

Shawnee  Creek 

L-2 

X 

Main  Stem 

Little  Miami  River 

Beaver  Creek 

L-2 

X 

Main  Stem 

Shawnee  Creek 

Xenia 

L-2 

X 

Little  Beaver  Creek 

Kettering 

L-2 

X 

Turtle  Creek 

Lebanon 

L-2 

X 

Lytles  Creek 

Wi  lmington 

L-2 

X 

East  Fork  Little 

Batavia 

K-2 

X 

Miami  River 

is  piping  the  effluent  to  a larger  body  of  water,  the  Little  Miami 
River,  in  which  event,  flows  of  the  same  order  would  be  needed  in  the 
main  stem  below  the  outfalls  of  these  sewers.  Sufficient  drainage 
area  and  reservoir  sites  are  available  in  the  Little  Miami  River  Basin 
upstream  to  provide  storage  for  these  flows. 

Other  tributary  streams  where  low  flows  are  negligible  are 
Lytles  Creek  below  the  secondary  treatment  plant  of  Wilmington,  and 
Turtle  Creek  below  the  secondary  treatment  plant  of  Lebanon.  Flows  in 
the  order  of  10  cfs  are  needed  at  present  (i960),  14  cfs  by  1980,  16  cfs 
by  2000  and  20  cfs  by  2020. 

In  the  East  Fork  of  Little  Miami.  River  in  the  vicinity  of  Batavia, 
design  flow  is  less  than  5 cfs.  At  present  (i960)  flows  in  the  order 
of  25  cfs  are  needed,  increasing  to  i+0  cfs  by  1980,  55  cfs  by  2000 
and  70  cfs  by  2020. 


Great  Miami  River  Basin 
Present  and  Projected  Waste  Loads 

Present  waste  loads  generated  a re  siiown  in  Table  12b.  In  minor  area 
L-l,  drained  by  the  Whitewater  River,  approximately  70  percent  of  the 
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present  organic  waste  loads  are  due  to  discharges  from  municipalities. 
Approximately  70  percent  occurs  in  Wayne  County,  of  which  Richmond 
is  the  principal  city,  and  25  percent  occurs  in  Fayette  County,  1 of 
which  Connersville  is  the  principal  city. 

In  the  portion  of  minor  area  L-2  drained  by  the  Great  Miami 
River,  over  70  percent  of  the  estimated  present  organic  waste  loads 
are  discharged  to  the  main  stem  in  Butler,  Warren  and  Montgomery 
Counties  with  approximately  60  percent  originating  from  industrial 
activity.  Major  sources  of  industrial  organic  waste  discharges  from 
paper  industries  occur  at  West  Carrollton,  Franklin,  Middletown  and 
Hamilton  with  smaller  discharges  at  Dayton,  Miamisburg,  and  Excello. 
Major  sources  of  municipal  organic  waste  discharge  in  this  reach  of 
stream  are  at  Dayton,  Middletown  and  Hamilton.  Other  major  sources 
of  municipal  waste  discharges  in  the  upper  basin  occur  at  Springfield 
and  Fairborn  on  the  Mad  River  and  Piqua  on  the  upper  Great  Miami 
River. 

In  other  areas  of  the  basin,  the  major  organic  waste  discharge 
occurs  in  Hamilton  County  from  a refinery. 

Shown  in  Table  13b  are  the  base  and  projected  waste  loads 
generated  for  the  minor  areas  and  other  areas  in  the  basin.  Waste 
loads  generated  are  projected  to  increase  over  fourfold  in  minor 
area  L-l  and  over  threefold  in  minor  area  L-2  and  other  areas  in  the 
basin. 

Water  Quality  Control  Problems 

Listed  in  Table  14b  are  the  more  critical  areas  and  the 
approximate  beginning  date  of  the  need  for  stream  regulation  for 
quality  control  after  secondary  treatment  or  further  appropriate 
measures  for  pollution  control  that  may  be  needed. 

The  major  quality  control  problem  in  the  basin  is  in  the  Great 
Miami  River  below  Dayton.  Dayton  presently  operates  secondary  treatment 
facilities  and  obtains  reductions  in  organic  constituents  in  the  range 
of  85  to  90  percent,  before  discharging  residual  organics  to  the  stream. 
The  design  summer  flow  of  175  cfs  (not  including  return  flows  from 
Dayton)  is  not  capable  of  assimilating  present  residual  organic  waste 
loads  without  objectionable  degradation  of  the  stream.  Assuming  adequate 
treatment  total  flows  in  the  order  of  585  cfs  are  needed  at  the  present 
(1060),  '/ 40  cfs  in  1^80,  970  cfs  in  2000  and  1400  cfs  in  2020.  Provision 
of  the  above  flows  below  uhe  Dayton  sewage  treatment  plant  outfall 
will  maintain  satisfactory  conditions  at  Middletown  and  Hamilton 
providing  all  municipal  and  industrial  organic  wastes  receive  secondary 
treaur.ent  or  equivalent  reduction  before  discharge  to  the  stream. 
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TABLE  l4b 

GREAT  MIAMI  RIVER  BASIN 


Present  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 

Vicinity 

Economic 

Area 

Great  Miami  River- 

Sidney 

L-2 

Main  Stem 

Great  Miami  River- 

Piqua 

L-2 

Main  Stem 

Great  Miami  River- 

Troy 

L-2 

Main  Stem 

Great  Miami  River- 

Tipp  City 

L-2 

Main  Stem 

Great  Miami  River- 

Vandalia 

L-2 

Main  Stem 

Great  Miami  Ri’.or- 

Dayton 

L-2 

Main  Stem 

Great  Miami  River- 

Middletown 

L-2 

Main  Stem 

Great  Miami  River- 

Hamilton 

L-2 

Main  Stem 

Mad  River 

Urbana 

L-2 

Mad  River 

Springfield 

L-2 

Stillwater  River 

Covington 

L-2 

Stillwater  River 

West  Milton 

L-2 

Greenville  Creek 

Greenville 

L-2 

Sevenmile  Creek 

Eaton 

L-2 

Fourmile  Creek 

Oxford 

L-2 

Buckongahelas  Creek 

Bellefontaine 

L-2 

W.F. Whitewater 

Connersville 

L-l 

River 

E.F. Whitewater 

Richmond 

L-l 

Present 


On  the  main  stem  of  the  Great  Miami  River,  upstream  from  the  confluence 
of  Stillwater  and  Mad  Rivers  at  Dayton,  indications  are  that  stream  con- 
ditions are  unsatisfactory  at  presein,  at  Sidney  and  Piqua  with  design 
flows  of  18  cfs  and  32  cfs  respectively.  Belov  Sidney  total  summer 
flows  in  the  order  of  25  cfs  are  needed  at  present  (I960),  32  cfs 
by  1980,  40  cfs  by  2000,  and  55  cfs  by  2020.  At  Piqua  total  summer 
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flows  in  the  order  of  cfs  are  needed  at  present,  60  cfs  by  i960, 

70  cfs  by  2000,  and  95  cfs  by  2020.  At  Troy,  design  summer  flew 
of  4o  cfs  will  be  needed.  If  flows  are  supplied  at  Piqua,  satis- 
factory stream  conditions  will  prevail  at  Troy  and  downstream  to 
Dayton . 

In  the  Mad  River  below  Urbana,  design  summer  flow  is  33  cfs. 
Indications  are  that  by  2020  flow  of  35-^0  cfs  will  be  required  to 
maintain  satisfactory  stream  conditions.  Flow  regulation  from 
storage  does  not  appear  to  be  the  solution  but  more  intensive  treatment 
by  "polishing"  ponds  or  holding  ponds  for  release  during  periods  of 
higher  flows  appears  promising.  Improved  industrial  waste  treatment 
and  control  in  Urbana  area  has  resulted  in  improved  river  conditions . 
However,  downstream  at  Springfield  where  the  design  summer  flow  is  about 
115  cfs,  total  summer  flows  of  120  cfs  by  I960  will  be  needed,  increasing 
to  140  cfs  by  2000  and  160  cfs  by  2020. 

In  the  Stillwater  River  drainage  area,  unsatisfactory  stream 
conditions  exist  at  present  below  Greenville  in  Greenville  Creek 
and  below  Covington  on  the  Stillwater  River.  Improvements  at 
Covington  have  resulted  in  improved  river  conditions . Total  summer 
design  flow  in  the  order  of  8 cfs  exists  at  Greenville.  However,  to 
maintain  satisfactory  stream  conditions  20  cfs  is  needed  at  the  present 
(i960),  increasing  to  25  cfs  by  1980,  to  32  cfs  by  2000  and  to  1(0  cfs 
by  2020.  If  these  flows  can  be  supplied  from  storage  in  the  Greenville 
Creek  basin  above  Greenville,  satisfactory  conditions  will  be  maintained 
below  Covington  and  West  Milton  on  the  Stillwater  River. 

Bellefontaine  on  Buckongahelas  Creek,  Oxford  on  Fourmile  Creek 
and  Eaton  on  Sevenmile  Creek,  a tributary  of  Fourmile  Creek,  are 
located  in  the  headwater  reaches  of  these  creeks  and  flows  are 
intermittent.  Below  Bellefontaine,  Oxford  and  Eaton  summer  flows  in 
the  order  of  15  cfs  are  needed  at  present,  increasing  to  25  to  30  cfs  by 
2020.  Since  storage  for  quaiity  control  releases  above  these  communities 
does  not  appear  feasible  due  to  limited  drainage  areas,  a more  practical 
solution  to  the  pollution  problem  for  these  communities  may  be  holding 
ponds  for  "polishing”  the  effluent  from  the  sewage  treatment  plants, 
for  discharge  during  periods  of  higher  natural  flow,  and  advanced 
waste  treatment  techniques. 

In  the  Whitewater  River  drainage  area,  unsatisfactory  stream 
conditions  exist  in  the  East  Fork  below  Richmond  where  design  is  2 cfs. 

It  is  estimated  that  kO  cfs  is  needed  at  the  present  (i960),  50  cfs 
by  1980  , 70  cfs  by  2000  and  90  cfs  by  2020.  Storage  for  puroose  of 
regulation  of  streamflow  for  water  quality  control  after  secondary 
treatment  of  the  organic  constituents,  appears  to  be  only  a partial 
solution  as  the  quantity  of  water  required  does  not  appear  to  be 
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available.  Advanced  waste  treatment  methods  will  probably  be 
required  at  Richmond.  In  the  West  Fork  below  Connersville , the 
design  summer  flow  is  35  cfs.  Additional  flows  will  be  required 
beginning  in  2000  in  order  to  augment  flows  to  about  40  cfs. 

A quality  problem  unrelated  to  population  is  heat  discharge 
to  streams.  Major  sources  of  heat  release  from  thermal  power  gener- 
ating plants  to  the  Great  Miami  River  occur  in  Montgomery  County,  Ohio, 
where  a plant  with  a capacity  of  444.1  megawatts  is  located  at  Dayton 
and  a plant  with  a capacity  of  4l4  megawatts  is  located  at  Miamisburg. 
In  addition,  plants  with  capacities  of  58.5  and  26.5  megawatt 
capacities  are  located  at  Hamilton,  Ohio,  and  a plant  with  a capacity 
of  53  megawatts  is  located  at  Piqua,  Ohio.  On  tributary  streams,  a 
plant  of  75  megawatt  capacity  is  located  in  Clark  County  on  the  Mad 
River  and  plants  with  capacities  of  40  and  50  megawatts  are  located 
in  Wayne  County,  Indiana  on  the  Whitewater  River.  There  are  also 
seven  other  plants  with  capacities  of  15  megawatts  or  less  located 
in  the  basin.  Surface  water  is  used  as  a source  of  cooling  water 
and  during  periods  of  low  flow  in  the  stream,  heat  in  spent  cooling 
water  is  the  cause  of  high  stream  temperatures  in  localized  stream 
reaches.  The  use  of  cooling  towers  would  abate  the  heat  load  to 
the  streams,  but  would  result  in  higher  consumptive  losses  through 
evaporation. 

Another  quality  problem  unrelated  to  population,  is  the  dis- 
charge of  inorganic  wastes  by  the  steel,  chemical  and  metal  finishing 
industries  in  the  basin.  In  order  to  preclude  adverse  effects  of 
stream  quality,  these  wastes  should  be  effectively  controlled  at  the 
source . 


TABLE  la 


LITTLE  MIAMI  RIVER  BASIN 
Counties  in  Basin 


State 

County 

Land  Area  d in 

Ohio 

Brown 

25.6 

II 

* 

Butler 

0.7 

II 

* 

Clark 

26.5 

tt 

Clermont 

66.0 

II 

* 

Clinton 

83.^ 

II 

Fayette 

0.1 

tl 

* 

Greene 

88.1 

II 

Hamilton 

22.7 

II 

Highland 

11.8 

II 

Madison 

1.2 

II 

* 

Montgomery 

7-3 

II 

* 

Warren 

77.^ 

♦Counties  considered  in  economic  projections  of 
Little  Miami-Great  Miami  River  Basins. 
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LITTLE  MIAMI  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 


Tributary 


Drainage  Area 
Sq.  Miles 


Length  Miles  from 

of  Confluence 

Stream  with  Ohio  River 


Little  Miami  River 

1,755 

105-5 

0 

East  Fork 

501 

82 

12 

Todd  Fork 

261 

35 

39 

Caesar  Fork 

239 

3*+ 

51 
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GREAT  MIAMI  RIVER  BASIN 
Counties  in  Basin 


State 

County 

Ohio 

Auglaize 

tl 

* 

Butler 

tt 

* 

Champaign 

It 

* 

Clark 

It 

* 

Darke 

Indiana 

Dearborn 

It 

Decatur 

It 

* 

Fayette 

It 

* 

Franklin 

Ohio 

-* 

Greene 

tl 

Hamilton 

tt 

Hardin 

Indiana 

Henry 

Ohio 

* 

Logan 

It 

Mercer 

It 

■* 

Miami 

II 

* 

Montgomery 

II 

* 

Preble 

Indiana 

Randolph 

tt 

Ripley 

tl 

Rush 

Ohio 

* 

Shelby 

Indiana 

* 

Union 

Ohio 

* 

Warren 

Indiana 

* 

Wayne 

Land  Area  % in.  Basin 

13.6 

89.1 
80.8 

69.1 

69.7 

15.5 

6.6 

92.0 

96.0 

7-9 

33.8 

5.7 

6.3 

72.6 

2.7 

100.0 

92.7 

100.0 

26.5 

3.4 

3.7 

93.2 

100.0 

22.6 

100.0 


♦Counties  considered  in  economic  projections  of  Little  Miami*Great 
Miami  River  Basins. 
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TABLE  2b 

GREAT  MIAMI  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
Sq.  Miles 

Length 

of 

Stream 

Miles  frcm 
Confluence 
with  Ohio  River 

Great  Miami  River 

5,385 

170 

0 

Whitewater  River 

1,590 

70 

5 

Pourmile  Creek 

320 

38 

38 

Twin  Creek 

320 

46 

60 

Mad  River 

656 

60 

85 

Stillwater  River 

639 

67 

66 

Loramie  Creek 

260 

37 

126 
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GREAT  MIAMI  RIVER  BASIN 


Part  of  Dayton,  Ohio  urbanized 


TABLE  4 


LITTLE  MIAMI-GBEAT  MIAMI  RIVER  BASINS 
Reservoirs  - Area  100  Acres  or  Greater 


Perm. Pool 

Storage 

(acre-feet) 

Name 

Purpose 

Area 

(Acres) 

Flood 

Control 

Water 

Supply 

Other 

Little  Miami  River 

Cowan  Lake 

R 

720 

12,000 

Stonelick  Lake 

R 

171 

Great  Miami  River 

Indian  Lake 

R 

5,065 

45,900 

Lake  Loramie 

R 

807 

13,000 

Englewood 

F 

312,000 

Germantown 

F 

106,000 

Huffman 

F 

167,000 

Lockington 

F 

70,000 

Taylorsville 

F 

186,000 

Acton  Lake 

R 

625 

9,400 

Clark  Lake 

R 

100 

Kiser  Lake 

R 

386 

3,261 

Buck  Creeki/ 

F,  A 

ljOlQi/ 

32,900 

6,080 

Brookville1- 

F,  W 

2,25c £J 

214,700 

89,300 

39,100 

F - Flood  Control  1 j Under  construction. 

R - Recreation  2/  Minimum 

A - Low  Flow  Regulation 

VJ  - 'Water  Supply 


Ohio  Hiver  Basin  Coraprhensive  Survey. 
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TABLE  8a 


LITTLE  MIAMI  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  Subare 

Ohio 

Brown 

K-3 

Ohio- Cincinnati 

11 

Clermont 

K-2 

Ohio- Cincinnati 

tl 

Fayette 

1-1 

Scioto 

11 

Hamilton 

K-2 

Oh io- C inc i nnat i 

11 

Highland 

1-1 

Scioto 

11 

Madison 

1-1 

Scioto 
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TABLE  8b 

GREAT  MIAMI  RIVER  BASIN 


Counties 

Considered  in  Economic 

Base 

of  Adjoining  Subareas 

State 

County 

Included  in  Econcmic  Subarea: 

Ohio 

Auglaize 

* 

Indiana 

Dearborn 

K-l 

Ohio-Cincinnati 

If 

Decatur 

Q-2 

White 

Ohio 

Hamilton 

K-2 

Ohio-Cincinnati 

II 

Hardin 

1-2 

Scioto 

Indiana 

Henry 

Q-U 

White 

Ohio 

Mercer 

* 

Indiana 

Randolph 

Q-U 

White 

II 

Ripley 

K-l 

Ohio-Cincinnati 

If 

Rush 

Q-2 

White 

♦Not  included  in  Projective  Economic  S 

tudy 

of  Ohio  River  Basin. 
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(e)  Estimated 


GRAND  TOTAL 


Ccrooined  ground  and  surface  source 


GREAT  MIAMI  RIVER  BASH! 


Industrial  Total  1U9.7  244.2  363.5  548.3 

GRAND  TOTAL  eBoTJ  44l.3  541.0  924.3 


LITTLE  MIAMI  RIVER  BASIN 


TABLE  13a 


*jjOT  to  be  interpreted  as  waste  loads  to  the  stream 


GREAT  MIAMI  RIVER  BASIN 
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TABLE  13b 


Great  Miami  River  Basin 

Domestic  ana  Commercial  Total  748, 940  1,077,000  1,449,800  1,869,300 

Industrial  Total  1,008,700  1,645,400  2,450 >000  3 , 696 , 400 

GRAND  TOTAL  1,757,640  2,722,4oO  3,899,800  5,565,700 


LICKING-KENTUCKY-SALT  RIVER  BASINS 
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I SUMMARY 


General 

Transbasin  diversions  for  water  supply  are  already  a reality 
in  several  locations  in  this  area.  They  may  well  become  a necessary 
provision  for  augmenting  flows  for  waste  dilution  as  well.  Various 
problem  solutions  suggested  in  this  sub-basin  report  should  be 
considered  singly  as  well  as  in  groups  in  more  detailed  studies, 
since  it  may  be  possible  to  save  on  construction  costs  and  provide 
several  benefits  via  the  same  project. 

Licking  River  Basin 

Municipal  and  Industrial  Water  Supply  Problems 

Major  municipal  water  use  in  the  basin  occurs  in  the  extreme 
lower  portion  of  the  Licking  River  in  pool  from  Markland  Dam  on  the 
Ohio  River.  Other  large  water  use  occurs  at  Mount  Sterling,  Paris 
and  Cynthiana  in  the  South  Fork  drainage  area.  Practically  all  water 
supplies  in  the  basin  are  obtained  frcm  surface  sources.  Industrial 
water  is  for  the  most  part  supplied  frcm  municipal  systems. 

Based  on  available  data  of  dependable  yields  from  existing 
sources.  Mount  Sterling  and  Flemingsburg  should  be  planning  now  to 
develop  additional  sources  of  supply  and  by  1980,  Morehead  should  be 
looking  to  expand  its  present  source  of  supply.  All  three  communities 
are  located  in  the  headwater  region  of  tributary  streams  and  alternate 
solutions  to  their  problems  are  development  of  additional  local  impound- 
ments, development  of  a source  of  supply  in  a large  stream  capable  of 
meeting  projected  needs,  or  in  the  case  of  Mount  Sterling,  allocation 
of  water  supply  storage  in  Federal  reservoirs  in  either  the  Licking 
or  Kentucky  River  Basins.  Paris  and  Cynthiana  apparently  have 
sufficient  storage  to  meet  projected  needs  although  problems  with 
taste  and  odor  will  continue  and  require  intensified  efforts  to  produce 
water  of  acceptable  quality.  Alternate  solutions  to  this  problem 
could  be  off-stream  storage  in  impoundments  to  be  filled  during  periods 
of  higher  flows  or  allocation  of  water  supply  storage  in  Federal 
reservoirs . 

Water  Quality  Control  Problems 

Major  problem  areas  in  the  Licking  River  Basin  presently  exist 
in  the  lower  portion  of  the  basin  in  the  reach  of  the  Licking  River 
in  pool  from  Markland  Dam  on  the  Ohio  River  and  in  the  central  portion 
of  the  basin,  in  the  South  Fork  drainage  area  and  in  Triplett  Creek. 


Mark land  Dan  is  taste  and  odor  primarily  caused  by  nutrients  in  the 
water  promoting  algal  growths  at  lower  flows.  In  the  South  Fork 
drainage  area,  stream  conditions  during  low  flow  are  unsatisfactory 
in  Strodes  Creek  below  Winchester,  Stoner  Creek  below  Paris,  Hinkston 
Creek  below  Mount  Sterling  and  the  South  Fork  below  Cynthiana.  Stream 
conditions  in  Triplett  Creek  below  Morehead  are  unsatisfactory  at  the 
p: esent . 

Kentucky  River  Basin 

Municipal  and  Industrial  Water  Supply  Problems 

Major  municipal  water  use  in  the  basin  occurs  at  Lexington  with 
Frankfort,  Danville  and  Winchester  being  uhe  next  largest  water  using 
communities.  Although  Winchester,  Kentucky  is  in  the  Licking  Drainage 
Basin  its  water  supply  source  is  the  Kentucky  River.  Most  of  the  water 
in  the  basin  is  obtained  from  surface  sources  and  the  majority  of 
industrial  water  is  supplied  by  municipal  systems. 

Lexington  obtains  most  of  its  water  from  the  Kentucky  River  and 
its  use  is  approaching  the  1 day  - 30  year  low  stream  flow.  Ground  water 
of  suitable  quality  does  not  appear  to  be  available  in  dependable  quantities 
to  meet  projected  needs  so  continued  use  of  surface  water  is  indicated. 

The  best  solution  appears  to  be  allocation  of  water  supply  storage  in  the 
Federal  reservoirs  being  proposed  in  the  Kentucky  River  Basin  upstream  of 
Lexington's  intake.  Even  if  ground  water  is  not  used  for  municipal  supplies 
at  Lexington,  the  resource  is  nevertheless  valuable  and  has  potential  for 
development  for  supplementary  municipal  and  other  uses.  Inasmuch  as  the 
limestone  aquifers  in  the  Louisville  area  are  especially  susceptible  to 
contamination  fron  surface  sources  because  of  its  cavernous  nature, 
special  and  continuing  precautions  should  be  taken  to  protect  the  aquifer 
from  further  contamination  and  to  abate  present  practices  that  result  in 
contamination.  Frankfort  and  Winchester  using  water  from  the  Kentucky 
River  apparently  have  ample  supplies  throughout  the  study  period. 


Water  Quality  Control  Problems 

Major  quality  control  problems  exist  in  the  Elkhorn  Creek  area 
where  the  city  of  Lexington  discharges  treated  wastes  into  the  South 
Fork  and  Georgetown  discharges  treated  wastes  into  the  North  Fork.  Since 
storage  to  provide  enough  streamflow  for  assimilation  of  residual  organic 
wastes  does  not  appear  to  be  available,  an  alternate  solution  to  this 
problem  is  the  construction  of  an  outfall  sewer  to  the  Kentucky  River 
where  the  needed  flows  can  be  made  available  fron  proposed  upstream  reservoirs 

Streams  where  unsatisfactory  conditions  presently  exist  during 
periods  of  low  flow  are  Otter  Creek  below  Richmond,  Jessamine  Creek  below 
Nicholasville , Glenns  Creek  below  Versailles  and  by  lo80  Eagle  Creek  below 
Owenton.  Since  these  communities  are  located  in  headwater  areas  and  flow 
regulation  does  not  appear-  to  be  a feasible  solution,  transmission  of 


Other  areas  where  low  streamflows  are  not  adequate  to  assimilate 
residual  wastes  and  storage  does  not  appear  to  be  available,  are 
Clarks  Run  below  Danville,  White  Oak  Creek  below  Lancaster,  Logan 
Creek  below  Stanford,  and  Silver  Creek  below  Berea.  At  these  locations 
intensive  treatment  appears  to  be  indicated. 

In  the  upper  basin,  in  the  North  Fork  of  the  Kentucky  River, 
in  addition  to  unsatisfactory  stream  conditions  below  Hazard,  due  to 
residual  organic  discharges  when  streamflow  is  low,  problems  of  high 
sulfate  and  chloride  concentrations  exist  as  the  result  of  runoff 
from  mine  drainage  and  brine  pits  from  oil  production.  The  organic 
problem  can  be  abated  by  discharges  from  proposed  reservoirs,  but  the 
discharge  of  mineral  pollutants  must  be  controlled  at  the  source. 


Salt  River  Basin 


Municipal  and  Industrial  Water  Supply  Problems 

There  are  no  major  water  using  communities  in  the  basin  and 
total  industrial  water  use  is  nearly  as  great  as  the  municipal  demand. 
Practically  all  municipal  and  industrial  water  is  obtained  from 
surface  sources.  Expansion  of  the  Louisville  urban  area  into  the 
basin  has  resulted  in  transbasin  diversion  of  water  fran  the  Ohio 
River  into  the  Galt  River  Basin. 

Many  of  the  cacmunities  and  industrial  installations  in  the 
basin  are  encountering  water  supply  problems  during  low  flow  periods. 
As  the  total  water  supply  requirements  are  relatively  small  and 
dispersed  throughout  the  basin,  it  is  beyond  the  scope  of  this  report 
to  define  and  suggest  solutions  for  these  problem  areas  and  further 
detailed  study  is  indicated. 

Water  Quality  Control  Problems 

Quality  control  problems  in  the  streams  of  the  basin  are  due 
to  the  discharge  of  organics  by  municipalities  and  industries. 
Secondary  treatment  of  wastes  by  municipalities,  and  improved  plant 
housekeeping  and  treatment  of  inseparable  wastes  by  the  distilling 
industry  in  the  basin  are  required. 

However,  even  with  intensive  treatment , stream  conditions  are 
unsatisfactory  at  !ow  flows  in  the  Beech  Fork  below  Bardstown,  the 
Rolling  Fork  below  New  Haven,  Road  Run  Creek  below  Springfield,  and 
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the  main  stem  of  the  Salt  River  below  Harrodsburg  and  Shepherds vi lie 
Low  flow  regulation  or  other  appropriate  methods  of  abatement  are 
indicated  in  these  stream  reaches. 


In  the  Floy^h  Fork  area,  urban  growth  of  the  city  of  Louisville 
into  the  basin  is  the  source  of  organic  pollution  in  streams  in  this 
area.  Even  with  collection  and  treatment  increased  flow  will  be 
needed  to  assimilate  residual  wastes. 


H 


II  DESCRIPTION  OF  STUDY  AREA 


The  Licking,  Kentucky,  and  Salt  River  Basins  comprise  nearly 
a third  of  the  land  area  of  the  Commonwealth  of  Kentucky.  As  the 
basins  are  all  entirely  within  the  Commonwealth  of  Kentucky  and 
exhibit  many  similar  physical  characteristics,  as  well  as  a similar 
economic  base,  they  are  carried  in  a single  section  of  this  report. 


Licking  River  Basin 


Location  and  Boundaries 


The  Licking  River  Basin, easternmost  of  the  river  basins  con- 
sidered in  this  section  of  the  report,  is  located  entirely  within  the 
eastern  portion  of  the  Commonwealth  of  Kentucky.  The  river  rises  in 
southeastern  Kentucky  and  flows  generally  northeasterly  to  its  junction 
with  the  Ohio  River  opposite  Cincinnati,  Ohio,  469  river  miles  below 
Pittsburgh,  Pennsylvania.  The  total  drainage  area  of  the  basin  is 
3,670  square  miles  which  is  approximately  9 percent  of  the  land  area 
of  the  State  and  includes  all  or  portions  of  the  21  counties  listed 
in  Table  la.  The  basin  is  shaped  much  like  a trapezoid  with  the 
main  axis  about  130  miles  in  length  and  the  short  axis  about  60  miles 
in  width.  The  length  of  stream  is  about  320  miles  and  the  basin 
extends  north  to  Covir^ton  and  Newport;  south  past  Salyersville ; east 
beyond  Flemingsburg  and  Morehead;  and  west  to  Winchester. 


The  main  tributaries  comprising  the  Licking  River  system  are 
shown  in  Table  2a. 


lical  Features 


The  Licking  River  drainage  area  is  entirely  south  of  the 
glaciated  portion  of  the  Ohio  River  Basin  and  physical  features  of 
the  basin  are  generally  the  result  of  geologic  strata  exposed  by 
differential  erosion  following  the  broad  upwarping  of  the  Paleozoic 
Era  known  as  the  Cincinnati  Arch.  The  Licking  River  Basin  exhibits 
four  distinct  physiographic  types.  The  river  rises  in  the  Eastern 
Coal  Field  region  of  the  Kanawha  section  of  the  Appalachian  Plateau, 
which  has  narrow  ridges  and  crooked  steep-sided  valleys.  It  flows 
through  the  Knobs  and  the  Outer  Blue  Grass  regions.  The  South  Fork 
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drains  a portion  of  the  Inner  Blue  Grass  region  of  the  Interior  Low 
Plateau.  The  Knobs  is  an  area  of  conical  hills  with  rather  broad 
valleys.  The  Outer  Blue  Grass  is  rather  gently  rolling  except 
where  the  streams  have  entrenched  themselves  into  deep  valleys.  The 
Inner  Blue  Grass  region  is  gently  rolling  upland. 

There  are  no  natural  lakes  in  the  basin.  Artificial  reservoirs 
include  six  bodies  of  water  constructed  for  recreation  purposes  with 
two  lakes  serving  also  as  water  supply  reservoirs.  Construction  of 
multiple-purpose  reservoirs  at  sites  on  the  Licking  River  at  Cave 
Run  and  Falmouth  is  planned  by  the  Corps  of  Engineers. 

Climate 

The  average  annual  precipitation  in  the  basin  is  approximately 
h2  inches,  generally  well  distributed  throughout  the  year. 

Average  minimum  temperature  is  approximately  34°F  in  January 
and  average  maximum  temperature  is  approximately  75°F  in  July.  The 
frost-free  season  varies  from  approximately  176  days  in  the  mountains 
and  Knobs  region  to  187  days  in  the  Blue  Grass  region. 

Principal  Communities  and  Industries 

Agriculture  maintains  an  important  position  in  the  economy  of 
much  of  the  basin.  In  many  areas,  the  hilly  topography  prevents, 
cropping  except  in  the  narrow  flood  plains  and  much  of  the  basin  is 
given  over  to  permanent  pasture,  woodland,  or  just  idle  land. 

There  is  little  coal  mining  in  the  basin  bri  there  is  sane 
crude  oil  production. 

The  principal  communities  in  the  basin  are  located  at  the  mouth 
of  the  river  and  along  the  South  Fork  of  the  Licking  River.  In 
Newport  and  Covington,  the  communities  at  the  mouth  of  the  river,  is 
found  a diversification  of  industry  typical  of  that  found  in  large 
metropolitan  areas.  In  addition,  there  is  one  major  basic  steel 
producing  plant,  located  in  Newport.  Industry  in  the  communities 
located  in  the  South  Fork  drainage  area  produce  apparel;  fabricated 
and  plated  metals;  automotive  components  and  clay  and  concrete 
building  products. 

Listed  in  Table  3a  are  the  principal  cities,  all  in  the 
Commonwealth  of  Kentucky,  and  their  populations  from  1010  to  I960. 
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Kentucky  River  Basin 


Location  and  Boundaries 


The  Kentucky  River  Basin  is  located  in  the  central  portion  of 
the  Commonwealth  of  Kentucky  and  is  hounded  on  the  east  by  the 
Licking  River  Basin  and  on  the  west  by  the  Salt  River  Basin.  The 
Kentucky  River  rises  in  southeastern  Kentucky  and  flows  U27  miles 
generally  northwesterly  to  its  confluence  with  the  Ohio  River  at 
Carrollton,  Kentucky,  5^5  river  miles  below  Pittsburgh,  Pennsylvania. 
The  total  drainage  area  of  the  basin  is  6,9^0  square  miles,  all  in 
Kentucky,  and  comprises  17  percent  of  the  land  area  of  the  ccmmon- 
wealth  and  covers  all  or  parts  of  the  38  counties  listed  in  Table  lb. 
The  basin  is  approximately  175  miles  long  and  varies  in  width  from 
30  miles  in  the  lower  portion  to  50  miles  in  the  headwater  region. 

The  basin  extends  southeast  beyond  Whitesburg,  south  beyond  Manchester, 
east  to  Winchester  and  west  beyond  Danville. 

The  main  tributaries  comprising  the  Kentucky  River  system  are 
shown  in  Table  2b. 

Physical  Features 


The  Kentucky  River  Basin  is  entirely  south  of  the  glaciated 
portion  of  the  Ohio  River  Basin.  As  described  in  the  Licking  River 
Basin,  physical  features  are  generally  a result  of  the  geological 
strata  exposed  by  differential  erosion  folloiring  the  broad  upwarping 

in  the  Paleozoic  Era  known  as  the  Cincinnati  Arch.  Erosion  of  the 
axis  of  this  arch  structure  resulted  in  gorge  sections  where  there 
was  considerable  uplift. 

The  South,  Middle  and  North  Forks  of  the  Kentucky  River  all 
rise  in  the  Eastern  Coal  Field  region  of  the  Kanawha  section  of  the 
Appalachian  Plateau.  The  South  and  North  Forks  join  at  Beattyville 
to  form  the  Kentucky  River  which  flows  northward  across  the  Lexington 
Plain  section  of  the  Interior  Low  Plateau  province.  The  river  flows 
successively  through  the  Knobs  region,  the  Outer  Blue  Grass  region, 
and  the  Inner  Blue  Grass  region  to  its  confluence  with  the  Ohio  River. 
The  Blue  Grass  region  is  a fertile  tableland  located  approximately 
lOOOfeet  above  mean  sea  level  and  provides  the  richest  agricultural 
land  in  the  Commonwealth  of  Kentucky.  This  area  is  gently  rolling, 
almost  denuded  of  woodland  and  was  originally  blanketed  with  rich, 
often  phosphatic  limestone  topsoil.  Near  the  outer  fringe  of  this 
zone,  the  soil  is  thinner  and  poorer  and  generally  relief  is  somewhat 


I 


sharper  due  to  the  increasing  percentage  of  shale  in  the  bedrock 
of  the  area.  There  are  no  natural  lakes  in  the  basin.  Of  the 
reservoirs  constructed  in  the  basin,  one  is  for  water  supply  and 
recreation,  one  is  for  recreation  only,  one  serves  as  a source  for 
hydroelectric  power  generation,  and  Buckhorn  Reservoir,  a Federal 
multipurpose  impoundment,  is  for  flood  control,  water  supply  and 
recreation.  In  addition,  the  Corps  of  Engineers  we  studying  sites 
on  Eagle  Creek,  Red  River  and  at  Boone ville  on  the  South  Fork. 


Climate 

The  average  annual  precipitation  in  the  basin  varies  from 
about  44  inches  at  Lexington  to  48  inches  in  the  mountains  in  the 
headwater  region  and  is  generally  well  distributed  throughout  the  year. 

Average  minimum  temperatures  at  Lexington  range  from  approxi- 
mately 32°F  in  January  to  about  75°F  in  July.  The  frost-free  season 
varies  from  180  days  in  the  Blue  Grass  region  to  about  166  days  in 
the  headwater  region  in  the  mountains. 

Principal  Communities  and  Industries 

Agriculture  maintains  an  important  position  in  the  economy  of 
the  basin,  particularly  in  the  Blue  Grass  regions  located  in  the 
central  and  lower  part  of  the  basin.  Raising  of  thoroughbred  horses 
and  livestock  and  crops,  such  as  corn  and  hay  and  pasture,  occupy 
large  acreages  and  tobacco  is  an  important  cash  crop. 

In  the  upper  portion  of  the  basin,  coal  mining  is  an  important 
extractive  industry  and  gas  and  oil  are  also  produced.  In  the 
middle  and  lower  portions  of  the  basin,  mining  activity  is  confined 
almost  wholly  to  crushed  stone  and  sand  and  gravel  production. 

The  principal  ccmmunitles  are  located  in  the  middle  portion  of 
the  basin.  Lexington  is  the  largest  city  in  the  basin  and  its 
industry  produces  business  machinery,  textiles,  tobacco  products,  meat 
products,  glass  lamps  and  fabricated  metal  products.  Industry  in 
Frankfort  produces  distilled  spirits,  apparel  and  footwear  and  in 
Richmond  glass  lamps  are  produced.  In  other  communities  in  this 
portion  of  the  basin,  industry  produces  apparel,  rubber  goods, 
glassware,  electrical  wiring  and  devices. 

Listed  in  Table  3b  are  seme  of  the  principal  cities,  and  their 
populations  from  1910  to  i960. 
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Salt  River  Basin 


location  and  Boundaries 

The  Salt  River  Basin  lies  in  the  northcentral  portion  of  the 
Commonwealth  of  Kentucky.  The  Salt  River  rises  in  Boyle  County  and 
flows  due  north  about  40  miles  before  turning  abruptly  westward  to 
flow  another  75  miles  to  its  junction  with  Rolling  Fork,  then  north 
again  for  12  miles  where  it  enters  the  Ohio  River  near  Louisville, 
Kentucky,  630  river  miles  below  Pittsburgh,  Pennsylvania.  The  total 
drainage  area  of  the  basin  is  about  2,900  square  miles,  comprising 
about  7 percent  of  the  Commonwealth  and  covering  all  or  parts  of  the 
15  counties  listed  in  Table  lc.  The  basin  is  roughly  circular  in 
shape  with  a diameter  of  about  63  miles.  The  basin  extends  from 
suburban  Louisville  on  the  north,  nearly  to  Elizabethtown  on  the 
west  and  near  Danville  and  Harrodsburg  on  the  east  (See  Figure  9-1). 

The  main  tributaries  comprising  the  Salt  River  system  are 
shown  in  Table  2c. 

Physical  Features 

The  Salt  River  Basin  is  entirely  south  of  the  glaciated 
portion  of  the  Ohio  River  Basin. 

The  river  rises  in  the  Blue  Grass  region  of  the  Interior  Low 
Plateau  and  flows  through  the  Knobs  region  to  Anderson  County,  where 
it  then  flows  across  the  Mississippian  Plateau  to  the  Ohio  River. 

The  Knobs  region  is  a narrow  belt  of  hills  generally  less  than 
10  miles  wide  that  marks  the  transition  between  the  Blue  Grass  and 
the  Mississippian  Plateau.  Typically,  the  topography  is  conical  hills 
separated  by  broad,  relatively  flat  stream  valleys.  The  conical  hills 
are  capped  by  resistant  limestone  and  sandstone;  the  hill  slopes  and 
broad  valleys  are  underlain  by  easily  eroded  shale.  Runoff  is 
usually  rapid  and  the  small  springs  generally  go  dry  in  periods  of 
dry  weather. 

The  Mississippian  Plateau  surrounds  the  massive  limestones 
and  shales  of  the  Blue  Grass  and  Knobs  regions . Here  the  bedrock 
is  primarily  shale  with  some  fine  grained  sandstone  and  limestone  strata. 
The  topography  is  of  moderate  relief  with  seme  steep  slopes  and 
resistant  ledges  formed  by  the  shale  outcrops. 
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Climate 

The  average  annual  precipitation  in  the  basin  is  about  Ul 

inches . 

Average  minimum  temperatures  range  from  approximately  35°F 
in  January  to  about  77°F  in  July.  The  frost-free  season  varies  from 
about  176  days  in  the  Knobs  region  to  187  days  in  the  Mississippian 
Plateau. 

Principal  Camnunities  and  Industries 

The  agriculture  of  the  basin  is  devoted  to  stock  and  crop 
raising  with  tobacco  being  an  important  cash  crop. 

Mining  activity  is  confined  to  the  production  of  crushed  stone 
and  sand  and  gravel. 

j The  largest  community  in  the  basin  is  Harrodsburg  where  industry 

produces  flat  glass  and  apparel.  The  primary  industry  in  the  basin 
is  distilling  located  at  Bardstown,  Lebanon  and  many  of  the 
other  conmunities  in  the  basin.  Industry  in  Shelbyville  produces 
aluminum  castings  and  tobacco  products. 

Listed  in  Table  3c  are  some  of  the  principal  cities  and  their 
populations  from  1910  to  i960. 


Ill  WATER  RESOURCES 


Licking  River  Basin 


Surface  Water  Resources 
Quantity 

Streamflow  in  the  basin  at  the  present  time  is  not  materially 
affected  by  impoundments.  Reservoirs  constructed  in  the  basin  are 
used  for  water  supply  or  recreational  use  and  are  located  on  tributary 
streams.  Cave  Run  Reservoir,  located  on  the  main  stem  of  the  Licking 
River  above  Farmers,  is  under  construction  by  the  Corps  of  Engineers 
for  flood  control,  low  flow  regulation  and  recreation.  Shown  in 
Table  h are  pertinent  data  regarding  these  impound  lents . 

The  streams  in  the  basin  have  poor  low  flow  characteristics. 

Table  5 shows  stream  data  excerpted  from  hydrology  statistics  prepared 
by  the  Corps  of  Engineers—' 

Quality 

Surface  waters  of  the  Licking  River  contain  moderate  amounts 
of  dissolved  solids  with  an  average  concentration  of  125  mg/l  and  an 
average  hardness  of  90  mg/l.  Generally,  dissolved  solids  and 
hardness  increase  with  lower  sustained  flows.  In  addition  to  natural 
variations,  changes  in  quality  are  often  the  result  of  domestic  and 
industrial  wastes  especially  in  the  streams  in  the  South  Fork  drainage 
area,  several  of  the  main  stem  minor  tributaries,  and  in  the  extreme 
lower  reach  of  the  main  stem.  Quality  in  the  main  stem  of  the 
Licking  River  is  at  the  present  virtually  unaffected  by  domestic  and 
industrial  pollution.  Mine  drainage  is  not  presently  a factor 'in 
water  quality  in  the  basin.  Oil  field  wastes  and  brines  affect  some 
streams  in  the  headwaters  of  the  tributaries  in  the  upper  portion  of 
the  basin. 

Ground  Water  Resources 
Quantity 

Ground  water  resources  have  been  reported  by  the  U.  S.  Geological 
Survey*' and  the  following  discussion  has  been  condensed  from  their  report. 

1/  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 

2]  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 


9-11 


The  water  bearing  consolidated  rocks  in  the  basin  showing  the 
most  premise  of  development  are  sandstone  in  the  southern  third  of 
the  basin  in  the  Eastern  Coal  Field  region.  Wai.er  is  derived 
principally  from  fractures  and  joints  at  shallow  depths,  arid  at 
greater  depths,  where  joints  are  fewer,  from  coarse  textured 
sandstone.  Some  wells  yield  as  much  as  500  gpm  in  the  upper  strata 
and  as  much  as  900  gpm  in  the  lower  strata  although  more  typical 
yields  are  about  25  to  50  gpm. 

Alluvium  along  the  lower  20  miles  of  the  river  should  be  a 
good  source  of  ground  water  but  development  has  been  small  due  probably 
to  the  availability  of  ample  surface  supplies. 

Quality 

Water  from  bedrock  formations  range  up  to  175  mg/l  of  hardness 
and  iron  is  generally  high  enough  to  require  treatment  for  public 
water  supplies. 

Water  in  the  unconsolidated  deposits  along  the  Ohio  River  is 
very  hard,  varying  from  250  mg/l  to  340  mg/l  and  has  objectionable 
concentrations  of  iron.  Data  are  not  available  on  samples  taken 
from  the  alluvium  along  the  Licking  River  but  undoubtedly  results 
would  be  similar  to  those  shown  for  the  Ohio  River  alluvium. 


Kentucky  River  Basin 

Surface  Water  Resources 
Quantity 

There  are  several  reservoirs  in  the  Kentucky  River  Basin  which 
have  an  effect  on  streamflows.  Buckhorn  Reservoir  on  the  Middle  Fork 
of  the  Kentucky  River  was  constructed  by  the  Corps  of  Engineers 
primarily  for  flood  control  and  recreation.  Herrington  Lake  in  the 
lower  portion  of  the  Dix  River  subbasin  was  constructed  by  a public 
utility  for  the  production  of  hydroelectric  power.  Other  impoundments 
that  have  been  constructed  by  the  Commonwealth  of  Kentucky  for 
recreation  use  are  Elmer  Davis  and  Corinth,  with  the  latter  used  also 
as  a source  of  water  supply.  A reservoir,  on  Carr  Fork  is  under  construction 
by  the  Corps  of  Engineers  for  flood  control,  low  flow  regulation  and 
recreation.  Pertinent  data  regarding  impoundments  in  the  Kentucky 
River  Basin  are  shown  in  Table  4.  The  main  stem  of  the  Kentucky  River 
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consists  of  a series  of  slack  water  pools  extending  about  260  miles 
upstream  from  the  mouth.  A minimum  depth  of  six  feet  is  maintained 
for  navigation  purposes  throughout  this  reach  of  river. 

The  low  flow  characteristics  of  the  streams  in  the  basin  are 
generally  poor  making  it  necessary  to  construct  surface  storage  to 
provide  sufficient  storage  for  year-round  supplies  of  water  for 
medium-sized  communities. 

Quality 

Surface  waters  in  the  Kentucky  River  Basin  contain  amounts  of 
dissolved  solids  averaging  about  200  mg/l  and  are  moderately  hard, 
averaging  about  90  rag/l.  Generally,  dissolved  solids  and  hardness 
increase  with  lower  sustained  flows. 

In  addition  to  natural  variations,  changes  in  quality  are 
often  the  result  of  domestic  and  industrial  wastes  especially  in 
the  Elkhorn  Creek  drainage  area.  In  the  headwater  region,  especially 
in  the  North  Fork  tributary  area,  severe  acid  mine  drainage  problems 
exist  as  well  as  high  chlorides  from  oil  well  operations. 

Ground  Water  Resources 


Quantity 

Ground  water  resources  have  been  reported  by  the  U.  S.  Geological 
Survey  i/ and  the  following  discussion  has  been  condensed  from  their 
report. 


The  water  bearing  consolidated  rocks  in  the  basin  showing  the 
most  premise  of  development  are  located  in  the  extreme  headwater 
region  of  the  North  Fork  drainage  area  in  the  Eastern  Coal  Field  region 
although  consolidated  rocks  in  the  remaining  portion  of  the  upper  third 
of  the  basin  and  in  the  Blue  Grass  region  may  be  expected  to  yield 
intermediate  quantities  of  water  to  wells. 

In  the  upper  third  of  the  basin  including  the  headwater  region, 
bedrock  is  sandstone.  Water  is  derived  principally  frem  fractures 
and  joints  at  shallow  depths  and  at  greater  depths  where  joints  are 
fewer  and  the  sandstone  has  a coarser  texture*  Some  wells  yield  as  much 
as  500  gpm  in  the  upper  strata  and  as  much  as  000  gpm  in  the  lower 
strata  although  more  typical  yields  are  about  25  to  50  gpm. 

1 ] Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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Tn  the  Blue  Grass  region,  the  bedrock  is  limestone  with 
numerous  shale  partings  in  the  Outer  region  and  in  the  Inner  region 
limestone  with  numerous  solution  openings . Because  of  the  soluble 
nature  of  the  limestone,  springs  are  numerous,  many  with  relatively 
high  flows,  same  more  than  500  gpm.  Wells  drilled  in  limestone  in 
the  Outer  Blue  Grass  region  generally  yield  adequate  supplies  for 
domestic  use  and  in  a few  areas  yield  as  much  as  100  gpm.  In  the 
Inner  Blue  Grass  region,  wells  drilled  in  limestone  generally  yield 
adequate  supplies  for  domestic  use  and  a few  wells  yield  as  much  as 
400  gpm. 

Alluvium  deposits  are  fairly  extensive  in  the  lower  20  miles 
of  the  valley  of  the  Kentucky  River,  but  there  has  been  no  large 
withdrawals  of  water  in  the  area  and  hydrologic  data  are  scarce.  There 
are  indications  from  sand  and  gravel  operations  in  the  area  that  the 
materials  are  permeable  and  that  the  potential  exists  for  ground  water 
development. 

Quality 

Water  from  bedrock  sandstone  formations  range  up  to  150  mg/l 
in  hardness  and  iron  is  generally  high  enough  to  require  treatment 
for  public  water  supplies.  Brine  is  commonly  encountered  in  strata 
underlying  the  fresh  water.  Water  frcm  limestone  formations  is 
generally  very  bard,  ranging  up  to  800  mg/l,  and  is  high  in  dissolved 
solids.  Iron  chloride  and  hydrogen  sulphide  are  generally  present  in 
undesirable  quantities  and  because  of  the  direct  connection  between 
the  surface  and  openings  in  the  limestone  aquifer,  contamination 
has  been  a serious  problem  in  the  Lexington  area. 

Water  in  the  unconsolidated  deposits  along  the  Ohio  River  is 
very  hard  and  generally  has  undesirable  quantities  of  iron.  Samples 
of  ground  water  from  the  alluvium  along  the  Kentucky  River  are  not 
available,  but  undoubtedly  this  water  would  be  similar  in  chemical 
content  to  water  fran  the  Ohio  River  alluvium. 


Salt  River  Basin 

Surface  Water  Resources 
Quantity 

While  there  are  a number  of  impoundments  in  the  Salt  River  Basin, 
constructed  for  recreation  purposes  by  the  Ccmmonve&lth  of  Kentucky, 


% 


* 


these  reservoirs  have  no  pronounced  effect  on  streamflow  in  the 
basin.  Pertinent  data  regarding  these  impoundments  are  shown  in 
Table  U. 

The  streams  in  the  basin  have  poor  low  flow  characteristics. 

Table  5 shows  stream  data  excerpted  from  hydrology  statistics  prepared  by 
the  Corps  of  Engineers.!/ 

Quality 

Surface  waters  in  the  Salt  River  Basin  contain  moderate 
amounts  of  dissolved  solids  with  an  average  concentration  of  about 
200  mg/l  and  an  average  hardness  of  about  150  mg/l.  Generally, 
dissolved  solids  and  hardness  increase  with  lower  sustained  flows. 

In  addition  to  natural  variations,  changes  in  quality  axe  often  the 
result  of  domestic  and  industrial  waste  discharges,  primarily  organics 
from  communities  and  the  distilling  industry. 

Inorganic  waste  discharges  from  coal  mines  or  oil  production 
are  not  a problem  in  the  basin. 

Ground  Water  Resources 


Quantity 

Ground  water  resources  have  been  reported  by  the  U.  S.  Geological 
Surveys/ and  the  following  discussion  has  been  condensed  from  their 
report. 

The  bedrock  underlying  the  Salt  River  Basin  is  limestone  inter- 
bedded  with  shale  and  is  a limited  source  of  water  for  other  than 
domestic  needs. 

The  alluvium  along  the  lower  reaches  of  the  Salt  River  and  its 
tributary,  the  Rolling  Fork,  is  a potential  source  of  ground  water 
although  there  has  been  very  little  development  of  these  resources  to 
date.  Possibly  the  alluvium  may  be  fine  grained  and  will  yield  only 
small  supplies . 


\J  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 

2/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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Quality 


There  are  no  data  available  on  the  chemical  characteristics 
of  water  from  bedrock  formations  in  the  Galt  River  Basin,  but 
undoubtedly  the  characteristics  of  these  waters  would  be  similar  to 
those  in  the  Kentucky  River  Basin. 

Water  from  the  alluvium  is  probably  very  hard,  similar  in 
chemical  characteristics  to  that  of  the  water  from  the  Kentucky 
River  Basin. 


TV  THE  ECONOMY 


The  Licking-Kentucky-Salt  subarea  of  the  Projective  Economic 
Study  lies  entirely  within  the  Commonwealth  of  Kentucky,  covering 
the  middle  and  upper  reaches  of  the  Licking  River,  the  middle  and 
upper  reaches  of  the  Kentucky  River,  and  the  middle  and  upper  reaches 
of  the  Salt  River.  To  facilitate  estimates  of  future  water  require- 
ments and  waste  loads  derived  from  the  projected  economy,  the  area 
is  divided  into  four  minor  areas,  M-l,  M-2,  M-3>  and  M-4 , and 
correlated  as  nearly  as  possible  with  the  intra-area  hydrology. 

Minor  area  M-l  generally  coinciding  with  the  Salt  River  Basin 
includes  the  eight  western  counties  in  the  subarea.  The  boundaries 
of  minor  areas  M-2  and  M-4  generally  coincide  with  the  Kentucky 
River  Basin  boundaries.  Minor  area  M-2  includes  the  twelve  middle 
counties  in  the  subarea  and  minor  area  M-4  includes  the  eleven 
southeastern  counties.  The  boundaries  of  minor  area  M-3  generally 
coincide  with  the  boundaries  of  the  Licking  River  Basin  and  includes 
the  twelve  northeastern  counties  in  the  subarea.  The  portion  of 
the  subarea  lying  within  the  region  designated  as  Appalachia, 
includes  in  minor  area  M-2,  the  four  southern  counties  of  Clark, 
Garrard,  Lincoln,  and  Madison,  all  of  minor  area  M-3  excluding  the 
five  northern  counties  of  Bourbon,  Harrison,  Nicholas,  Pendleton,  and 
Roberteon,  and  all  of  minor  area  M-4.  The  counties  in  each  minor 
area  are  listed  in  Tables  6 and  7 and  shown  on  Figure  9-1,  page  9-67. 

Economic  Profiles 

Minor  Area  M-l 

In  I960,  the  population  of  minor  area  M-l  was  119,000,  and 
the  largest  city  was  Harrodsburg  with  a population  of  6,000. 

Average  personal  per  capita  income  in  this  minor  area  amounted  to 
$1,151,  compared  to  $1,322  for  Kentucky  and  $1,850  for  the  Nation. 

The  total  value  of  farm  products  sold  amounted  to  $53  million 
in  1959,  5^  percent  of  which  were  livestock  products.  In  1954,  the 
total  value  of  farm  products  sold  amounted  to  $43  million.  A total 
of  1,600  acres  were  irrigated  in  1959* 
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Manufacturing  employment  manifested  an  average  annual  growth 
rate  of  5 percent  between  1950  and  i960.  Between  1958  and  196k, 
the  number  of  establishments  employing  100  workers  or  over  increased 
frcta  11  to  l8.  The  most  important  industries  are  food  processing, 
machinery  (including  electrical  machinery),  printing  and  allied 
products,  and  other  durables.  Thermal  electric  generating  plants  are 
located  at  Burgin  and  Tyrone  with  capacities  of  293  and  137  megawatts 
respectively. 

Mining  activity  is  confined  to  the  production  of  crushed  stone 
and  to  sand  and  gravel. 

Minor  Area  M-2 

The  population  in  minor  area  M-2  was  3H,700  in  i960,  k2.5 
percent  of  which  resided  in  Fayette  County,  a designated  Standard 
Metropolitan  Statistical  Area.  Four  large  cities  are  located  in  the 
area;  Lexington  in  Fayette  County  being  the  largest  with  a population 
of  62,800;  Frankfort  in  Franklin  County  with  a population  of  over 
18, 000;  Richmond  in  Madison  County  with  a population  of  12,000;  and 
Winchester  in  Clark  County  with  a population  of  10,000.  Average 
personal  per  capita  income  was  $1,812  in  Fayette  County  and  $1,313 
in  the  remaining  area  of  minor  area  M-2. 

Agriculture  was  the  most  important  employment  category. 

Between  195k  and  1959 5 the  total  acres  in  farm  land  increased  by 
80,000,  and  total  value  of  farm  products  sold  increased  about  $15 
million,  to  a total  of  $92  million  by  1959 > field  crops  accounting 
for  53  percent  of  the  total.  However  agricultural  employment 
decreased  9*720  between  1950  and  1Q60.  By  1959*  2,200  acres  were 
irrigated. 

There  has  been  a significant  change  in  the  number  of  manufac- 
turing establishments  in  this  minor  area.  Between  19£;  and  196k,  the 
total  number  of  plants  employing  100  or  more  workers  increased  from 
31  to  46,  Fayette  County  accounting  for  11  of  the  15  new  establish- 
ments. Manufacturing  employment  in  i960  (18,100)  was  double  that  of 
1950.  The  most  important  industries  in  the  area  are  machinery 
(including  electrical  machinery),  food,  processing,  apparel,  and 
other  nondurables.  A thermal  electric  generating  plartis  located  at 
Winchester  and  has  a capacity  of  196  megawatts. 


Mining  activity  is  almost  wholly  confined  to  crushed  and  broken 
stone  and  sand  aid  gravel  extraction. 


Minor  Area  M-3 


Minor  area  M-3  is  a sparsely  settled  area  with  a i960  popu- 
lation of  123,900.  The  largest  city  in  the  minor  area  is  Paris 
with  a population  of  about  7,800.  Average  personal  per  capita 
income  was  $1,001,  below  the  State  average  of  $1,322.  Urban 
population  equaled  20  percent  of  the  total  population. 

Agricultural  employment  accounted  for  33.8  percent  of  total 
employment  in  i960.  The  total  area  in  farm  land,  increased  by  14,000 
acres  over  the  1954  total,  was  1.6  million  acres  in  1959,  1,200  of 
which  were  irrigated.  The  total  value  of  farm  products  sold 
increased  $8.3  million  over  the  1954  total  to  $54  million  in  1959* 
Field  crops  accounted  for  55.3  percent  of  the  1959  total,  livestock 
products  for  43  percent. 

Manufacturing  has  just  begun  to  develop.  By  1964,  there  were 
15  establishments  employing  100  workers  or  over  located  in  minor 
area  M-3,  four  more  than  in  1958.  There  were  no  establishments 
employing  more  than  500  workers.  The  most  important  industries 

axe  apparel,  furniture  and  wood  products,  machinery  (including 
electrical  machinery),  fabricated  metals,  and  food  processing.  One 
thermal  electrical  generating  plant  is  located  at  Paris  with  a 
generating  capacity  of  5.6  megawatts. 

Crude  oil  extraction  was  the  most  important  mining  activity 
in  i960,  production  equaling  1.2  million  barrels  representing 
5.8  percent  of  Kentucky's  total  production. 

Minor  Area  M-4 

Minor  axea  M-4  is  an  econcmically  depressed  area.  Population 
in  thiB  minor  area  was  168,100  in  i960  and  Hazard  was  the  largest 
city  with  a population  of  about  6,000.  Average  personal  per  capita 
income  was  $690  compared  to  $1,322  for  the  Commonwealth  of  Kentucky 
and  $1,850  for  the  Nation.  Urban  population  accounted  for  only  7.3 
percent  of  total  population.  Those  persons  25  years  old  or  older 
who  have  finished  four  years  of  high  school  account  for  only  3 
percent  of  the  total  population  compared  to  8.8  percent  for  Kentucky. 

Mining  is  the  most  important  employment  category  in  the  area 
and  is  primarily  confined  to  coal  and  oil  extraction.  In  i960,  the 
area  produced  l4.4  million  tons  of  coal  and  1.8  million  barrels  of 
crude  oil,  representing  21.5  percent  and  8.3  percent  respectively  of 
total  State  production. 
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Agricultural  employment  equaled  1 , 100  in  i960,  one-fourth 
the  1950  figure,  and  between  1Q54  and  1959,  270,000  acres  were 
taken  out  of  farm  production.  Even  so,  the  total  value  of  farm 
products  sold  has  remained  close  to  the  1959  total  of  $7.9  million. 
Seventy  percent  of  this  total  was  composed  of  field  crops. 

Manufacturing  has  not  yet  gained  a significant  footing  in  the 
area.  In  1964,  there  was  only  one  establishment  that  employed  as 
many  as  100  workers.  Of  the  small  plants  in  the  area,  the  most 
important  are  furniture  and  wood  products,  apparel,  food  processing, 
and  machinery  (including  electrical  machinery).  No  thermal  elec- 
trical generating  plants  are  located  in  the  area. 

Projected  Population  and  Industrial  Activity 

Population  of  the  Licking-Kentucky-Salt  subarea  is  projected 
to  increase  from  722,700  in  I960  to  851,000  by  1980  and  1,403,000 
by  2020.  The  subarea  contained  3-6  percent  of  the  total  Ohio  River 
Basin  population  in  i960  and  is  expected  to  contain  4 percent  by 
2020. 


Table  6 shows  the  i960  population  and  projected  population 
for  the  minor  areas. 

Agricultural  output  is  expected  to  manifest  a low  but 
continuing  growth.  Whereas  total  output  amounted  to  $500  million 
in  I960,  it  is  expected  to  total  $547  million  by  1980  and  $067 
million  by  the  year  2000. 

Manufacturing  output  is  expected  ^ ow  at  a faster  rate. 

In  i960,  total  output  was  $739  million  and  is  projected  to  be 
$1,837  million  by  I98O  and  $3 >994  million  by  2000. 

Table  7 shows  i960  output,  total  employment  and  manufacturing 
employment.  Projections  to  1980,  2000,  and  2020  for  the  minor  areas 
are  shown  as  indices  using  i960  as  the  base. 


In  addition  to  the  counties  included  in  the  Licking,  Kentucky 
and  Salt  River  Basins,  seven  other  counties  lying  outside  subarea  M 
have  land  area  within  the  Licking  River  Basin,  nine  other  counties 
have  land  area  within  the  Kentucky  River  Basin  and  seven  other 
counties  have  land  area  within  the  Salt  River  Basin.  The  counties 
pure  listed  in  Tallies  8a,  8b  and  8c  for  the  respective  river  basins. 


V WATER  REQUIREMENTS  - MUNICIPAL  ACT  INDUSTRIAL 


Licking  River  Basin 

Present  and  Projected  Water  Use 

There  are  1Q  central  water  supply  systems  in  the  Licking 
River  Basin,  serving  a population  of  aS,?40.  The  average  daily 
water  use  is  bU  gallons  per  capita. 

In  the  basin,  practically  all  of  the  water  used  is  for 
municipal  supplies  and  is  from  surface  sources.  The  present 
municipal  and  industrial  water  use  in  the  basin  is  shown  in  Table  9a. 
The  boundary  of  minor  area  M-3  generally  outlines  the  basin  and 
within  this  minor  area  the  principal  watei  using  communities  are 
Paris,  Cynthiana  and  Mount  Sterling,  accounting  for  b?  percent  of 
the  total  water  use  in  the  minor  area  and  UO  percent  of  the  water 
use  in  the  entire  basin.  Winchester  obtains  its  water  supply  from 
the  Kentucky  River.  The  other  major  central  supply  is  located  in 
the  Cincinnati  S.M.S.A.,  in  Kenton  County,  withdrawing  water  frcm 
the  portion  of  the  Licking  River  in  Pool  from  Markland  Dam  on  the 
Ohio  River  and  furnishing  water  to  a number  of  communities  in  this 
northern  Kentucky  county.  This  supply  alone  accounts  for  37  percent 
of  the  water  use  in  the  basin. 

Based  on  population  increase  and  projected  industrial  activity, 
it  is  estimated  that  total  water  use  will  increase  in  the  lacking 
River  Basin  as  shown  in  Table  10a.  It  is  estimated  that  total  water 
use  in  the  basin  will  increase  over  fivefold  by  2020.  with  the  major 
increase  in  minor  area  M-3  at  about  6.5  times  the  l'OoO  anomt. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10a, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5,  and  the  avail- 
ability of  ground  water  as  reported  by  the  U.  0.  Geological  Survey^' 
were  used  to  arrive  at  a judgment  as  to  need  of  future  development 
of  sources  of  water  supply.  Shown  in  Table  11a  are  problem  areas 
i with  the  approximate  time  of  onset  of  the  problem. 

■ 


if  Ground-Water  Distribution  and  Potential  in  the  Ohio  liver  Bas.n, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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TABLE  11a 


LICKING  RIVER  BASIN 
Water  Supply  Problem  Areas 


Minor  Area 


Flemingsburg  M-3 
Mount  Sterling  M-3 
Morehead  M-3 
Paris  M-3 
Cynthiana  M-3 


Present  1980  2000  2020 

X 

X 

X 

X 

X 


In  minor  area  M-3,  the  total  water  use  is  projected  to  increase 
to  8.6  mgd  by  1980,  to  13.6  mgd  by  2000,  and  to  31.5  mgd  by  2020. 
Approximately  97  percent  of  the  projected  water  use  in  the  minor 
area  will  be  for  municipal  use.  The  community  of  Mount  Sterling,  at 
present  using  local  impoundments,  during  periods  of  high  water  usage 
is  experiencing  supply  difficulties.  This  canmunity  should  be 
planning  now  to  increase  their  sources  of  supply.  In  the  absence  of 
dependable  sources  of  ground  water,  it  appears  that  continued  use  of 
surface  water  is  indicated.  Alternate  solutions  to  this  problem  are 
either  development  of  additional  local  impoundments,  development  of 
a source  of  supply  in  a large  stream  capable  of  meeting  projected 
needs,  or  allocation  of  water  supply  storage  in  Federal  reservoirs 
either  in  the  Licking  or  Kentucky  River  Basin.  Flemingsburg  for  the 
past  several  years  has  experienced  acute  shortages  of  water  during 
the  aumaer  months,  and  Morehead  by  I9S0  will  probably  need  additional 
water  supply.  In  the  absence  of  a dependable  source  of  ground  water- 
reliance  must  continue* primary  on  surface  sources.  Development  of  additiona 
local  impoundments  could  be  one  solution,  but  the  permanent  long  range 
solution  would  probably  be  to  develop  a source  in  the  Licking  River 
where  a dependable  supply  of  water  exists.  Morehead  could  possibly  meet 
its  future  needs  by  a‘ reallocation  of  storage  in  Cave  Run  Reservoir. 

Paris  on  Stoner  Creek  and  Cynthiar.a  on  the  South  Fork  of  the 
Licking  River  apparently  have  a sufficient  quantity  of  supply  although 
problems  with  taste  and  odor  will  continue  and  require  intensified 
efforts  to  produce  water  of  acceptable  quality.  Off-stream  storage 
of  water  during  periods  of  higher  flows  or  allocation  of  storage  of 
good  quality  water  in  Federal  reservoirs  are  alternate  solutions  to 
this  problem. 
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Undoubtedly  there  are  other  smaller  communities  which  will 
have  water  supply  problems,  but  it  is  beyond  the  scope  of  this 
report  to  define  these  problem  areas. 

Kentucky  River  Basin 
Present  and  Projected  Water  Use 

There  are  46  central  water  supply  systems  in  the  Kentucky 
River  Basin,  serving  a population  of  293,9^5.  Average  daily  water 
use  in  the  basin  is  92  gallons  per  capita. 

In  the  basin,  practically  all  of  the  water  used  is  for 
municipal  supplies  and  about  89  percent  of  the  water  comes  fran 
surface  sources.  The  present  municipal  and  industrial  water  use  in 
the  basin  is  shown  in  Table  9b.  The  boundaries  of  minor  areas  M-2 
and  M-4  generally  outline  the  basin,  and  within  these  minor  areas 
the  major  water  using  canmunities  are  Lexington,  Frankfort,  Danville, 
and  Winchester.  These  four  communities,  using  surface  water,  account 
for  nearly  70  percent  of  the  total  water  used  in  the  basin  for 
municipal  supplies.  Withdrawal  of  water  by  Winchester  from  the 
Kentucky  River  constitutes  a transbasin  diversion  as  the  community 
is  located  on  the  divide  between  the  Licking  River  Basin  and  the 
Kentucky  River  Basin  and  discharges  wastes  to  the  Licking  River 
Basin.  Transbasin  diversions  also  occur  at  Eminence,  Lawrenceburg 
and  Harrodsburg.  These  communities  draw  water  supplies  from  the 
Kentucky  River  Basin  and  discharge  wastes  to  the  Salt  River  Basin. 

The  city  of  Carrollton,  which  is  the  major  ground  water  user,  obtains 
its  water  fran  the  alluvium  along  the  Kentucky  River  near  its 
confluence  with  the  Ohio  River  and  is  not  actually  dependent  on 
the  water  resources  of  the  basin  for  its  supply.  The  self-supplied 
industrial  water  use  in  the  basin  is  small  but  considerable  water  is 
supplied  for  commercial  and  light  industrial  use  in  the  Lexington 
area,  but  this  is  principally  supplied  from  the  municipal  system. 

Based  on  population  increase  and  projected  industrial  activity, 
it  is  estimated  that  total  water  use  in  the  Kentucky  River  Basin  will 
increase  as  shown  in  Table  10b.  It  is  estimated  that  total  water  use 
in  the  basin  will  increase  more  than  5-5  times  by  2020,  with  the 
major  increases  being  in  the  lower  basin  areas  in  the  Lexington  S.M.S.A. 
where  future  needs  will  amount  to  about  6 times  the  I960  use. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10b, 
the  1 day  in  30  years  low  flow  data  given  in  Table  9,  and  the  avail- 
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ability  of  ground  water  as  reported  by  the  U.  S.  Geological  Survey- 
were  used  to  arrive  at  a judgment  as  to  need  of  future  development 
of  sources  of  water  supply.  Shown  in  Table  lib  are  problem  areas 
with  the  approximate  time  of  onset  of  the  problem. 

TABUS  lib 

KENTUCKY  RIVER  BASIN 
Water  Supply  Problem  Areas 


Minor  Area 


Lexington  M-2 
Georgetown  M-2 
Hazard  M-4 
Jackson  M-4 
Richmond  M-4 


Present  1980  2000  2020 

X 
X 
X 
X 


In  the  portion  of  minor  area  M-l  within  the  Kentucky  River 
Basin,  the  total  water  use  is  projected  to  increase  to  over  7 mgd 
by  the  year  1980,  to  over  13  mgd  by  2000,  and  to  c -er  30  mgd  by 
2020.  Approximately  75  percent  of  the  projected  water  use  in  this 
portion  of  minor  area  M-l  will  be  for  municipal  use.  With  the 
exception  of  the  city  of  Danville,  which  obtains  its  water  supply  frcm 
the  Dix  River,  all  of  the  major  ccmmunities  in  this  area  obtain  tneir 
supplies  from  the  main  stem  of  the  Kentucky  River.  Flow  in  the  river 
should  be  sufficient  to  meet  their  needs  throughout  the  study  period. 
The  low  flow  of  the  Dix  River  might  not  be  sufficient  to  meet  the 
future  needs  of  the  city  of  Danville,  but  since  they  have  the  storage 
pool  of  Herrington  Lake  to  draw  from,  it  is  very  unlikely  that  they 
will  have  water  supply  problems  either. 

In  minor  area  M-2,  comprising  the  major  portion  of  the  lower 
Kentucky  River  Basin,  the  total  water  use  is  projected  to  increase 
to  over  32  mgd  by  the  year  1980,  to  about  58  mgd  by  2000,  and  to  over 
128  mgd  by  2020.  Approximately  90  percent  of  the  projected  water  use 

1 J Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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in  this  minor  area  will  be  for  municipal  use.  The  city  of  Lexington, 
the  major  water  user  in  this  area,  presently  uses  the  Kentucky  River 
as  its  principal  source  of  supply  augmented  by  local  impoundments. 

If  it  were  not  for  the  storage  provided  by  the  lock  and  dam  system 
on  the  river,  this  city  would  probably  have  water  supply  problems 
at  present  withdrawal  levels  during  a drought  period.  In  the  absence 
of  dependable  sources  of  ground  water,  it  appears  that  continued  use 
of  surface  water  is  indicated.  Solutions  to  this  problem  are  limited 
due  to  the  cost  of  land  acquisition  in  the  local  area  and  the  poor 
topography  for  dam  construction.  It  appears  that  the  best  solution 
for  Lexington  would  be  to  purchase  water  supply  storage  in  the 
Federal  reservoirs  being  proposed  in  the  Kentucky  River  Basin  upstream 
of  the  city's  intake.  In  the  Georgetown  area,  water  supplies  have 
been  developed  from  ground  sources  but  the  firm  yield  of  available 
ground  water  is  being  utilized  and  it  appears  that  new  sources  of 
supply  must  be  developed  in  the  near  future  if  the  system  is  to 
expand  to  serve  growing  suburban  areas.  In  the  absence  of  other 
dependable  ground  sources,  reliance  must  be  placed  on  surface  sources. 
There  are  several  possible  alternatives — local  impoundments,  storage 
in  Federal  reservoirs,  and  tie-in  with  the  municipal  system  of  the 
city  of  Lexington.  Because  of  the  geographical  location  of  the 
Kentucky  River,  Georgetown,  and  Lexington,  it  appears  that  this 
third  solution  may  be  the  most  feasible  and  economical. 

As  a result  of  past  water  supply  problems,  the  city  of 
Winchester  has  gone  to  the  Kentucky  River  for  its  water  and  has 
created  a transbasin  diversion.  The  Kentucky  River  will  provide 
an  adequate  source  of  supply  for  Winchester  in  the  foreseeable 
future . 

In  minor  area  M-4,  the  upper  Kentucky  Basin  area,  the  total 
water  use  is  projected  to  increase  to  3.5  mgd  in  1980,  to  5 mgd  in 
2000,  and  to  9 ragd  by  2020.  Gome  70  percent  of  the  projected  future 
water  use  in  this  area  is  for  municipal  supplies.  The  communities 
of  Hazard  and  Jackson  on  the  North  Fork  of  the  Kentucky  River  use 
this  stream  as  their  source  of  supply.  Both  communities  nave 
experienced  periods  of  shortage  in  water  supply  during  periods  of 
low  flow  and  will  have  them  again  in  the  near  future  if  supplemental 
storage  is  not  developed.  The  alternatives  appear  to  be  development 
of  either  upland  storage  or  greater  storage  in  the  river.  The  city 
of  Richmond  at  present  has  several  local  impoundments  in  the  Otter 
Creek  area  and  is  now  using  some  95  percent  of  their  estimated  safe 
draft  so  it  is  apparent  that  additional  sources  of  supply  for  this 
area  will  have  to  be  developed  in  the  near  future.  Ground  water  is 
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not  dependable  in  this  area  and  so  alternatives  are  limited  to 
additional  local  impoundments  or  construction  of  an  intake  on  the 
Kentucky  River.  In  the  long  run,  it  appears  that  location  of  an 
intake  on  the  Kentucky  River  would  provide  the  best  solution  as 
adequate  natural  flow  appears  to  be  available  in  the  river. 

Undoubtedly,  there  are  other  smaller  communities  which  will 
have  water  supply  problems,  but  it  is  beyond  the  scope  of  this  report 
to  define  these  problem  areas. 


Salt  River  Basin 


Present  and  Projected  Water  Use 

As  shown  in  Table  9c,  there  are  18  central  water  supply  systems 
in  the  Salt  River  Basin  serving  a population  in  i960  of  38,845.  The 
average  daily  water  use  is  71  gallons  per  capita. 

In  this  basin,  the  industrial  demand,  primarily  for  the 
distilling  industries,  is  nearly  as  great  as  the  municipal  demand. 
Practically  all  water  for  both  industrial  and  municipal  systems  is 
obtained  from  surface  sources.  The  present  municipal  and  industrial 
uses  from  basin  sources  are  shown  in  Table  9c.  It  should  be  noted 
that  in  the  northern  area  of  the  basin  there  is  a growing  amount  of 
transbasin  diversion  into  the  basin  frcm  the  Ohio  River  through 
extensions  of  the  Louisville  water  system  into  suburban  areas 
located  in  Salt  River.  Return  of  the  waste  water  from  this  use 
results  in  more  dependable  but  degraded  low  flows  in  Floyds  Fork. 

The  boundaries  of  minor  area  M-l  generally  outline  the  basin  and, 
within  this  minor  area,  the  principal  water  using  communities  are 
Shelbyvllle , Bardstown,  Springfield,  and  Lebanon,  accounting  for 
85  percent  of  the  municipal  water  use  in  the  minor  area  and  65 
percent  of  the  municipal  water  use  in  the  basin.  The  other  two 
major  water  users  for  this  basin  are  the  ccmmunities  of  Rogersville 
in  Hardin  County  and  LaGrange  in  Cldham  County.  These  two  supplies 
account  for  another  15  percent  of  the  municipal  water  use  in  the 
basin.  Approximately  87  percent  of  the  industrial  water  use  in  the 
basin  is  by  the  distilling  industry  in  Nelson  County  around  Bardstown. 
Most  of  this  supply  comes  from  local  impoundments . Other  than  the 
distilleries,  there  are  no  heavy  water  using  industries  in  the  basin 
area. 
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Baaed  on  the  population  increaae  and  projected  Industrial 
activity.  It  la  estimated  that  total  vater  use  will  increase  in  the 
Salt  River  Basin  as  shown  in  Table  10c.  It  is  estimated  that  vater 
use  in  the  total  basin  vill  increaae  over  fivefold  by  2020.  The 
increase  appears  to  be  fairly  veil  distributed  throughout  the  basis. 


Water  Supply  Problems 

The  projected  total  vater  supply  figures  shown  in  Table  10c, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5,  and  the 
availability  of  ground  vater  as  reported  by  the  U,  S.  Geological 
Survey-/ were  uaed  to  arrive  at  a Judgment  as  to  need  of  future 
development  of  sources  of  vater  supply.  Shown  in  Table  11c  are 
problem  areas  with  approximate  time  of  onset  of  the  problem. 


TABLE  11c 


SALT  RIVER  BASIN 


Water  Supply  Problem  Areas 

Minor  Area  Present  i960 
Springfield  M-l 

Lebanon  M-l  X 


2000  2020 
X 


In  the  Salt  River  Baa in,  the  total  vater  use  is  projected  to 
Increaae  to  7.5  mgd  by  the  year  1980,  to  13  mgd  by  2000,  and  to 
26  mgd  by  2020.  Approximately  63  percent  of  the  projected  vater  use 
is  for  municipal  systems  in  the  basin.  In  minor  area  M-l,  the  city 
of  Springfield  is  presently  dependent  on  local  impoundments  for  its 
supply.  The  projected  increase  in  vater  use  in  this  area  indicates 
that  the  city  should  develop  additional  vater  sources  by  the  year 
2000.  Because  of  the  distance  of  the  city  frcm  proposed  Federal 
reservoirs  and  the  lack  of  dependable  ground  water  sources  in  the 
area,  it  appears  that  the  most  feasible  source  of  additional,  supply 
for  this  city  will  be  additional  development  of  local  impoundments. 
The  city  of  Lebanon  in  Marlon  County  has  also  depended  in  the  past 
on  local  impoundments  for  its  source  of  supply,  and  it  appears 
that  their  present  source  vill  not  be  dependable  during  an  extended 
drought  by  the  year  1980.  Ground  vater  is  not  a dependable  source 

id  Potential  in  the  Ohio  River  Basin, 
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in  this  area,  so  the  alternatives  for  additional  supply  appear  to 
be  construction  of  additional  local  impoundments  or  purchase  of 
storage  in  proposed  Federal  reservoirs  in  the  basin.  Decision  as  to 
which  of  these  alternatives  is  more  feasible  will  depend  on  a detailed 
cost  study. 

There  are  undoubtedly  other  smaller  ccninunities  which  will  have 
water  supply  problems,  but  it  is  beyond  the  scope  of  this  report  to 
define  these  problem  areas. 

In  addition  to  the  future  needs  for  water  supply  for  municipal 
purposes,  there  will  be  a continually  increasing  need  for  additional 
water  supply  for  the  distilling  industry  for  cooling  water  in  times 
of  low  flow  in  the  streams.  Possible  solutions  to  this  problem  are: 
industries  can  connect  to  municipal  systems  as  sane  have  already 
done  for  emergency  or  supplemental  supplies,  or  new  sources  can  be 
developed.  In  the  long  run,  it  will  be  necessary  to  look  for  new 
supplies  as  the  growing  demands  on  the  municipal  systems  will  eliminate 
the  surplus  water  now  being  provided  to  industry.  Since  the  dependable 
supplies  in  this  basin  must  be  developed  from  surface  sources,  it 
might  be  a good  plan  for  the  municipalities  and  the  industries  in  the 
basin  to  combine  their  efforts  in  the  development  of  new  sources  of 
supply. 
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VI  WATER  QUALITY  CONTROL 


Licking  River  basin 
Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  are  shM  in  Table  12a. 

In  the  basin,  over  80  percent  of  the  waste  loads  generated  are  due 
to  municipal  sources,  with  over  65  percent  located  in  the  South 
Fork  drainage  area.  A major  water  source  is  from  Winchester 
discharging  to  Strodes  Creek  in  the  headwater  of  the  South  Fork  of 
the  Licking  River.  Other  large  waste  loads  in  the  basin  discharged 
to  tributaries  of  the  South  Fork  are  from  Paris  into  Stoner  Creek, 
Mount  Sterling  into  Hinkston  Creek,  Cynthiana  and  Falmouth  into  the 
South  Fork. 

Other  discharges  occur  at  Morehead  into  Triplett  Creek  and  at 
Elsmere  in  the  lower  portion  of  the  basin,  discharging  to  Banklick 
Creek.  The  majority  of  the  wastes  in  the  lower  basin  are  collected, 
transported,  treated  and  discharged  to  the  Ohio  River  at  Bromley, 
Kentucky. 

Shown  in  Table  13a  are  the  base  and  projected  waste  loads 
generated  for  the  basin  listed  by  minor  areas.  Organic  waste  loads 
generated  are  projected  to  increase  fivefold  by  2020  in  the  portion 
of  minor  area  M-2  included  in  the  Licking  River  Basin  and  5. 5 times 
in  minor  area  M-3,  while  in  the  lower  basin  the  increase  is  projected 
to  only  double  the  present  waste  loads  by  2020  with  most  of  the  waste 
loads  in  this  area  diverted  to  the  Ohio  River  after  treatment. 

Water  Quality  Control  Problems 

Listed  in  Table  l4a  are  the  more  critical  areas  and  the 
approximate  beginning  date  of  the  need  for  stream  regulation  for 
quality  control  or  other  appropriate  measures  for  pollution  control 
after  secondary  treatment  or  equivalent  ^eduction  of  the  organic 
waste  loads. 

The  major  problem  in  the  reach  of  the  Licking  River  in  pool 
frem  Markland  Dam  on  the  Ohio  River  is  primarily  taste  and  odor  caused 
by  nutrients  in  the  water  promoting  algal  growths  at  lower  flows. 

These  nutrients  are  reaching  the  stream  as  residuals  from  secondary 
treatment  plants  upstream  and  from  surface  runoff.  Although  sanitary 
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TABLE  14a 


LICKING  RIVER  BASIN 

Present  and  Projected  Water  Quality  Control  Problem  Areas 


Economic  Approximate  Beginning  Date 


Stream 

Vicinity 

/urea 

Present  IQbO  2000  2020 

Licking  River- 

Newport 

K-2 

X 

Main  Stem 

Stoner  Creek 

Fanis 

M-3 

X 

Strodes  Creek 

Winchester 

M-2 

X 

Hinkston  Creek 

Mount  Sterling 

M-2 

X 

South  Fork 

Cynthiana 

V-2 

X 

Triplett  Creek 

Morehead 

M-2 

X 

wastes  from  communities  located  along  the  lower  reach  of  the  Licking 
River  are  collected,  uncollectable  wastes  such  as  storm  water  over- 
flows from  combined  sewers  and  street  washings  enter  the  stream  along 
this  reach.  In  order  to  assure  a higher  quaity  of  water  in  this  reach 
of  stream,  where  the  design  flow  is  about  11  cfs,  and  to  provide 
sufficient  velocity  for  continued  movement  of  residual  wastes  and 
uncollectable  wastes,  'lows  in  the  order  of  60  cfs  are  needed  at  the 
present,  increasing  to  90  cfs  by  1980,  to  130  cfs  by  2000,  and  to 
175  cfs  by  2020. 

Another  problem  area  is  in  the  South  Fork,  where  design  low 
flow  of  less  than  1 cfs  at  Cynthiana  is  not  capable  of  assimilating 
residual  waste  loads  discharged  after  secondary  treatment . It  is 
estimated  that  at  the  present,  30  cfs  is  needed,  increasing  to  40  cfs 
by  2020.  Upstream  in  the  headwater  region,  Winchester  obtains  its 
water  supply  from  the  Kentucky  River  Basin  and  discharges  treated 
sewage  effluent  into  Strodes  Creek  where  design  flow  is  negligible. 

It  is  estimated  that  total  flows  in  the  order  of  12  cfs  are  needed 
at  the  present,  increasing  to  15  cfs  by  19&0,  to  22  cfs  by  2000,  and 
to  40  cfs  by  200^.  Since  Winchester  is  in  the  headwater  region,  sites 
are  not  available  for  storage  of  water  for  regulation  of  streami'low. 
Sewage  plant  effluent  could  be  returned  to  the  Kentucky  River  Basin 
but  this  would  deny  reuse  of  this  water  to  downstream  users  in  the 
Licking  River  Basin.  Therefore,  intensive  treatment  and  holding  ponds 
for  "polishing”  the  effluent  or  the  transbasin  movement  of  water  for 
dilution  may  be  a solution  to  the  problem. 


Below  Paris  in  Stoner  Creek  where  design  flow  is  about  0.5  cfs, 
needs  at  the  present  are  20  cfs,  increasing  to  22  cfs  by  I960,  25  cfs 
by  2000,  and  30  cfs  by  2020. 

Below  Morehead  on  Triplett  Creek,  a tributary  of  the  upper 
main  stem  of  the  Licking  River,  and  Mount  Sterling  on  Hinkston  Creek, 
a tributary  of  the  South  Fork  where  design  flows  are  negligible,  flows 
in  the  order  of  5 cfs  are  needed  at  the  present,  increasing  to  about 
8 cfs  by  1980,  10  cfs  by  2000,  and  about  15  cfs  by  2020. 

There  are  undoubtedly  other  small  tributaries  adversely 
affected  by  discharge  of  residual  wastes  remaining  after  secondary 
treatment,  but  it  is  beyond  the  scope  of  this  report  to  define  all 
of  them. 

Other  major  quality  problems  are  not  found  in  the  Licking  River 
Basin.  There  are  no  major  thermal  power  generating  plants  located  in 
the  basin  nor  is  there  any  heavy  industry  producing  inorganic 
pollution  except  in  the  lower  portion  of  the  basin  at  Newport,  Kentucky. 
Although  there  are  coal  deposits  in  the  upper  reaches  of  the  main  stem, 
these  have  not  been  heavily  worked  and  mine  drainage  has  not  been  a 
problem. 


Kentucky  River  Basin 
Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  are  shown  in  Table  12b. 

In  the  basin,  slightly  over  50  percent  of  the  organic  waste  loads 
generated  are  due  to  municipal  wastes.  -Minor  area  M-2,  which  includes 
the  Lexington  S.M.S.A.,  accounts  for  approximately  90  percent  of  the 
total  industrial  and  municipal  organic  waste  loads  generated  in  the 
basin.  Approximately  47  percent  of  the  organic  wastes  generated  in 
minor  area  M-2  are  in  Fayette  County,  where  Lexington  is  the  major 
city  with  the  other  major  source  being  the  municipal  and  industrial 
organic  discharges  in  Franklin  County  from  the  area  in  and  around 
Frankfort. 

Shown  in  Table  13b  are  the  base  and  projected  waste  loads 
generated  for  the  basin  listed  by  minor  areas.  Organic  waste  loads 
generated  are  projected  to  increase  more  than  fivefold  by  2020  in 
all  minor  areas  of  the  basin  with  the  exception  of  minor  area  M-U 
comprising  the  headwater  region  where  only  slightly  better  than  a 
twofold  increase  is  projected.  Throughout  the  period  of  study,  the 
M-2  area  is  projected  to  contribute  approximately  90  percent  of  the 
total  organic  wastes  discharged  into  the  basin,  of  which  approximately 
50  percent  will  probably  originate  in  the  Lexington  S.M.S.A. 


Water  Quality  Control  Problems 


Table  l4b  lists  the  base  and  projected  water  quality  control 
problem  areas  after  secondary  treatment  or  equivalent  waste  reduction 
i.6  applied. 

TABUS  l4b 


KENTUCKY  RIVER  BASIN 


Present 

and  Projected  Water  Quality  Control  Problem  Areas 

Economic 

Approximate  Beginning  Date 

Stream 

Vicinity 

Area 

Present  I960  2000  2020 

Elkhorn  Creekj 

Lexington 

M-2 

X 

South  Fork 

Elkhorn  Creek, 

Georgetown 

M-2 

X 

Borth  Fork 

Main  Stem 

Lexington 

M-2 

X 

North  Fork 

Hazard 

M-4 

X 

North  Fork 

Jackson 

m-4 

X 

Otter  Creek 

Richmond 

M-2 

X 

Eagle  Creek 

Owenton 

M-2 

X 

Clarks  Run 

Danville 

M-l 

X 

Silver  Creek 

Berea 

M-2 

X 

Glenn's  Creek 

Versailles 

M-2 

X 

Jessamine  Creek 

Wilmore 

M-2 

X 

Jessamine  Creek 

Nicholas  ville 

M-2 

X 

White  Oak  Creek 

Lancaster 

M-2 

X 

Logan  Creek 

Stanford 

M-2 

X 

Major  quality  control  problems  exist  in  the  Elkhorn  Creek  area 
and  in  some  of  the  very  small  tributaries  which  receive  treated 
municipal  wastes  from  package  plants.  The  problems  on  small  tributary 
streams  have  not  been  evaluated  in  this  study.  In  the  Elkhorn  Creek 
area,  the  city  of  Lexington  discharges  all  of  its  treated  wastes 
into  the  headwater  of  the  South  Fork  of  Elkhorn  Creek  and  during 
periods  of  low  flow  the  stream  is  apparently  anaerobic  in  some 
reaches.  Storage  to  provide  streamflow  regulation  of  the  amount 
required  is  not  available  for  this  small  stream  and  it  appears  that, 
even  with  intensive  treatment,  the  low  flows  are  too  small  to 
assimilate  the  residual  wastes.  Land  area  is  probably  not  available 
and  even  if  it  were  the  cost  of  "polishing"  treatment  would  be 


prohibitive  compared  to  an  alternative  solution  of  constructing  an 
outfall  sewer  about  15  miles  and  discharging  treated  wastes  to  the 
Kentucky  River.  If  this  were  done,  it  is  estimated  that  to  assure 
satisfactory  conditions  in  the  Kentucky  River,  where  the  design  flow 
is  about  33  cfs,  and  provide  sufficient  velocity  for  continued 
movement  of  residual  wastes,  summer  flows  in  the  order  of  270  cfs 
are  needed  at  present  increasing  to  410  cfs  by  1980,  550  cfs  by  2000, 
and  700  cfs  by  2020.  Provision  of  these  flows  from  storage  frcm 
reservoirs  upstream  will  provide  sufficient  assimilative  capacity 
for  effluent  frcm  secondary  treatment  entering  the  main  stem  throughout 
the  study  period  frcm  other  sources . 

Georgetown  is  located  on  the  North  Fork  of  Elkhorn  Creek 
where  there  has  been  no  natural  flow  at  many  times.  In  order  to 
assimilate  residual  wastes  remaining  after  secondary  treatment , it  is 
estimated  that  9 cfs  is  required  at  the  present,  increasing  to  12  cfs 
by  190O>  to  18  cfs  by  2000,  and  to  25  cfs  by  2020.  Storage  to  supply 
these  needs  is  probably  not  available  above  Georgetown  and  intensive 
treatment  is  indicated.  Another  alternative  may  be  transmission  of 
treated  effluent  to  a larger  body  of  water  possibly  in  combination 
with  Lexington. 

In  the  North  Fork  area  of  the  Kentucky  River  in  the  reach  of 
the  North  Fork  below  Hazard  and  above  Jackson,  there  are  problems  of 
organic  pollution  that  have  been  noted,  as  well  as  problems  of  high 
sulfate  and  chloride  concentrations  from  runoff  from  mine  drainage 
and  brine  pits  and  frcm  oil  well  operations.  Flows  in  the  order  of 
25  cfs  will  be  needed  by  2020  to  assimilate  residual  wastes  remaining 
after  treatment.  The  release  of  water  from  reservoirs  on 
the  North  Fork  for  the  control  of  residual  oiganica  frcm  Lexington 
will  also  control  residual  organics  in  this  reach,  but  control  of 
mineral  pollutants  at  the  source  will  have  to  be  undertaken. 

There  are  a number  of  tributaries  where  effluent  from  treatment 
plants  constitute  nearly  all  the  flow  in  the  stream  during  periods 
of  low  flow.  In  Otter  Creek  below  Richmond,  flows  in  the  order  of 
12  cfs  are  required  at  the  present,  increasing  to  15  cfs  by  1980, 
to  24  cfs  by  2000,  and  to  45  cfs  by  2020.  In  Jessamine  Creek  below 
Nicholasville,  flows  in  the  order  of  5 cfs  are  needed  at  the  present 
increasing  to  7 cfs  by  1980,  to  9 cfs  by  2000,  and  to  16  cfs  by  2020. 
Provision  of  these  flows  at  Nicholasville  will  meet  the  needs  at 
Wilmore  downstream.  In  Glenns  Creek  below  Versailles,  flows  in  the 
order  of  7 cfs  are  required  at  the  present  increasing  to  11  cfs  in 
1980,  to  15  cfs  by  2000  and  to  25  cfs  by  2020.  Owenton  discharges 
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residual  vastes  into  the  Eagle  Creek  Basin  and  flows  in  the  order  of 
4 cfs  are  needed  by  1980  increasing  to  8 cfs  by  2020.  Since  all  of 
these  connrunities  are  in  the  headwater  of  the  respective  tributary 
drainage  areas  and  sufficient  storage  for  purpose  of  streamf  lcrw 
regulation  does  not  appear  to  be  available,  intensive  treatment  is 
Indicated.  An  alternate  solution  to  the  problem  is  transmission 
of  residual  wastes  to  a Larger  body  of  water,  the  Kentucky  River. 

In  the  Dix  River  subbasin,  the  communities  of  Danville, 

Stanford  and  Lancaster  are  located  on  small  tributaries  where  summer 
flows  are  very  small.  In  Clarks  Run  below  Danville,  flows  in  the 
order  of  10  cfs  are  needed  at  the  present,  increasing  to  14  cfs  by 
1980,  to  22  cfs  by  2000,  and  to  40  cfs  by  2020.  In  White  Oak  Creek 
below  Lancaster  and  Logan  Creek  below  Stanford,  flows  in  the  order 
of  4 cf 8 are  needed  at  the  present,  increasing  to  6 cfs  by  1980, 
to  9 cfs  by  2000,  and  to  about  12  cfs  by  2020.  Storage  does  not 
appear  to  be  available  in  the  tributary  basins  above  these  communities 
and  intensive  treatment  appears  to  be  indicated. 

In  Silver  Creek  below  Berea  where  low  flows  are  very  small, 
flows  in  the  order  of  6 cfs  are  needed  at  the  present,  increasing  to 
8 cf 8 by  I960,  to  11  cfs  by  2000,  and  to  20  cfs  by  2020.  Since 
storage  of  water  for  purpose  of  streaaflow  regulation  does  not  appear 
to  be  available  above  Berea,  intensive  treatment  is  indicated  and 
holding  or  "polishing"  ponds  for  release  during  periods  of  higher 
flows  in  the  stream  may  be  the  solution. 

There  axe  undoubtedly  other  small  tributaries  adversely 
affected  by  discharge  of  residual  vastes  remaining  after  secondary 
treatment,  but  it  is  beyond  the  scope  of  this  report  to  define  all 
of  them. 

In  addition  to  the  specific  location  on  the  North  Fork  of  the 
Kentucky  River  affected  by  mine  drainage  which  was  described  previously, 
there  are  many  tributary  streams  in  the  headwater  region  adversely 
affected  by  mine  drainage  due  to  the  extensive  coal  mining  operations 
in  this  area. 

Another  potential  water  quality  problem  is  heat. 

Major  sources  of  heat  release  to  streams  from  thermal 

power  generating  plants  in  the  basin  are  located  near  Winchester, 

Burgin  and  Tyrone.  A plant  with  a capacity  of  196  megawatts  is  located 
near  Winchester  and  a plant  with  a capacity  of  137*5  megawatts  is 
located  at  Tyrone.  Both  use  surface  water  from  the  Kentucky  River 
as  a source  of  cooling  water.  During  periods  of  low  flow  these  plants 
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are  the  cause  of  increased  stream  temperatures  in  localized  stream 
reaches.  Another  thermal  power  generating  plant  is  located  at 
Burgin,  Kentucky,  with  a capacity  of  293 -megawatts  and  using 
Herrington  Lake  as  a source  of  cooling  water  and  discharging  spent 
cooling  water  into  the  Dlx  River  below  Dix  Dam. 


Salt  River  Basin 

Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  in  the  Salt  River  Basin 
are  shown  in  Table  12c.  The  basin  is  not  densely  populated  and  over 
90  percent  of  the  total  organic  wastes  discharged  to  the  streams 
results  from  industrial  activity.  The  majority  of  these  wastes  are 
discharged  into  Beech  Fork  near  Bardstown,  Rolling  Fork  above 
New  Haven,  and  into  the  main  stem  of  the  Salt  River  in  the  vicinity 
of  Shepherdsville. 

Shown  in  Table  13c  are  the  base  and  projected  waste  loads 
generated  for  the  basin  listed  by  minor  areas.  Organic  waste  loads 
generated  are  projected  to  increase  nearly  eightfold  in  minor  area 
M-l,  and  over  fourfold  in  that  portion  of  minor  area  M-2  included 
in  the  Salt  River  Basin,  and  in  other  areas  in  the  basin  outside  of 

subarea  M,  primarily  in  the  Floyds  Fork  area  in  Jefferson  and  Bullitt  | 

Counties  due  to  the  urban  and  suburban  growth  fran  the  city  of 

Louisville. 

Water  Quality  Control  Problems  j 

Table  l4c  lists  the  base  and  projected  water  quality  control 
problem  areas  after  secondary  treatment  or  equivalent  waste  reduction 
is  applied. 

In  the  Beech  Fork  area  below  the  town  of  Bardstown,  there  is 
an  existing  problem  resulting  from  the  discharge  of  inadequately 
treated  organic  wastes  by  the  city  and  the  local  distilleries.  At 
the  present  time,  the  situation  is  aggravated  by  lack  of  adequate 
in-plant  separation  of  wastes  by  the  distilleries  and  inadequate 
treatment  of  wastes  before  disposal  to  the  stream.  Even  with  good 
plant  housekeeping  and  secondary  treatment  or  equivalent  reduction 
of  organic  wastes  it  is  estimated  that  to  provide  an  acceptable 
quality  of  water  in  this  stream  which  has  a design  flow  of  about  1 cfs, 
sunnier  flows  in  the  order  of  26  cfs  are  needed  at  present,  increasing 
to  43  cfs  by  I98O,  70  cfs  by  2000,  and  110  cfs  by  2020. 


TABLE  l4c 


SALT  RIVER  BASIN 

Present  and  Projected  Water  Quality  Control  Problem  Areas 

Economic  Approximate  Beginning  Date 

Stream 


Main  Stem 
Main  Stem 
Hammonds  Creek 
Clear  Creek 
Hardin  Creek 
Road  Run  Creek 
Beech  Fork 
Rolling  Fork 
Floyds  Fork 


In  the  Rolling  Fork  area  near  New  Haven,  organic  pollution 
creates  adverse  quality  conditions  during  periods  of  low  flow. 

Nearly  all  of  the  organic  wastes  are  discharged  by  distilleries  and 
improved  housekeeping  procedures  and  treatment  of  wastes  before 
discharge  are  needed.  Because  of  the  poor  low  flow  characteristics 
in  the  stream,  it  is  estimated  that  in  addition  to  secondary  treatment 
or  equivalent  reduction  of  wastes,  summertime  flows  in  the  order  of 
5 cfs  are  needed  at  present,  7 cfs  by  1980,  11  cfs  by  2000,  and  17  cfs 
by  2020  to  provide  an  acceptable  quality  of  water  in  the  stream  and  to 
provide  sufficient  velocity  for  continued  movement  of  residual  wastes. 

In  the  Floyds  Fork  area,  it  is  expected  that  growth  of  the  city 
of  Jeffersontown  and  vicinity  will  result  in  an  organic  pollution  problem 
in  Floyds  Fork  in  the  reach  between  miles  20  and  40  above  the  mouth  due 
to  the  discharge  of  effluent  frcm  treatment  plants. 

To  provide  a good  quality  of  water  in  the  stream  and 
sufficient  velocity  to  assure  continued  movement  of  residual  organics 
remaining  after  treatment  and  uncollectable  wastes,  it  is 
estimated  that  summer  flows  of  8 cfs  are  needed  at  the  present, 

10  cfs  by  1980,  12  cfs  by  2000,  and  15  cfs  by  2020. 

In  the  main  stem  of  the  Salt  River  near  Shepherdsville,  the 
discharge  of  inadequately  treated  organic  wastes  by  the  municipalities 
in  the  area  and  the  distilling  plants  located  in  northern  Nelson 


Vicinity 

Area 

Harrodsburg 

M-2 

Shepherdsville 

M-2 

Lawrenceburg 

M-2 

Shelbyville 

M-2 

Lebanon 

M-2 

Springfield 

M-2 

Bardstown 

M-2 

New  Haven 

M-2 

Jeffersontown 

N-2 

Present  I98O  2000  2020 

) 

> 

) 

> 

> 

> 

) 

] 

) 


County  have  created  adverse  quality  conditions  in  the  lower  reach 
of  the  stream.  Conditions  are  aggravated  by  the  reduced  velocities 
which  result  from  slackwater  conditions  caused  by  a navigation  dam 
in  the  Ohio  River  which  ponds  water  nearly  up  to  Shepherdsville . 

The  design  streamflow  in  this  reach  of  stream  is  very  low  and  in 
order  to  provide  acceptable  quality  and  continual  movement  of 
residual  organics  through  the  pool  area,  flows  in  the  order  of  26  cfs 
are  needed  at  present,  increasing  to  cfs  by  i960,  to  150  cfs  by 
2000,  and  to  290  cfs  by  2020. 

In  the  upper  portion  of  the  basin,  unsatisfactory  conditions 
exist  in  the  main  stem  below  Harrodsburg.  Summer  low  flows  are 
very  small  and  in  order  to  maintain  satisfactory  stream  conditions, 
flows  in  the  order  of  9 cfs  are  needed  at  the  present,  increasing 
to  11  cfs  by  i960,  to  16  cfs  by  2000,  and  to  30  cfs  by  2020. 

Unsatisfactory  stream  conditions  exist  at  the  present  in 
Hamonds  Creek  below  Lawrenceburg , Clear  Creek  below  Shelbyville, 
and  Hardin  Creek  below  Lebanon,  and  flows  in  the  order  of  6 cfs 
are  needed  at  the  present,  increasing  to  9 cfs  by  1900,  to  15  cfs 
by  2000,  and  to  26  cfs  by  2020.  In  Road  Run  Creek  below  Springfield, 
flows  in  the  order  of  3 cfs  are  needed  at  the  present,  increasing  to 
5 cfs  by  I960,  to  8 cfs  by  2000,  and  to  15  cfs  by  2020.  Since  these 
ccmmunities  are  all  in  the  headwater  region  of  these  streams, 
intensive  treatment  is  indicated,  ccrabined  with  holding  or  polishing’ 
ponds  for  release  during  periods  of  higher  flows. 

Quality  problems  unrelated  to  organic  wastes  are  not  found  in 
the  Salt  River  Basin  and  are  not  expected  to  develop  in  the  future. 
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TABI£  la 

t i 

LICKING  RIVER  BASIN 

Counties  in  Basin 

State 

County  Percent 

of  Land  Area  in  Basin 

Kentucky 

■X 

Bath 

100.0 

tl 

Boone 

1.9 

It 

-X 

Bourbon 

100.0 

It 

Bracken 

44.1 

It 

Campbell 

43.8 

»» 

-X 

Clark 

->6.6 

i M 

I 

Elliott 

• 6 

i 

* 

Fleming 

100.0 

It 

* 

Grant 

36.4 

It 

•X 

Harrison 

100.0  ] 

It 

Kenton 

co.  5 

ft 

Lewis 

6.0  1 

It 

* 

Maggof in 

OS.O 

Mason 

c • 

It 

* 

Menifee 

6.  . ! 

It 

* 

Montgomery 

cc.  ; 

It 

* 

Morgan 

c •. 

If 

•# 

Nicholas 

100.0 

fi 

* 

Pendleton 

01... 

It 

* 

Robertson 

: oo  .0  II 

It 

* 

Rowan 

n** . 0 11 

* Counties 

cons idered 

in  economic  projections  of 

Licking 

River  Basin. 
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TABLE  lb 


KENTUCKY  RIVER  BASIN 


Counties  in  Basin 


Counts 


Percent  of  Land  Area  in  Basin 


Anderson 

Bell 

Boone 

Boyle 

Breathitt 

Carroll 

Clark 

Clay 

Estill 

Fayette 

Franklin 

Gallatin 

Garrard 

Grant 

Harlan 

Henry 

Jackson 

Jessamine 

Knott 

Knox 

Lee 

Leslie 

Letcher 

Lincoln 

Madison 

Menifee 

Mercer 

Montgomery 

Owen 

Owsley 

Perry 

Powell 

Rockcastle 

Scott 

She lby 

Trimble 

Wolfe 

Woodford 


28.9 

3.8 

1.7 

39.8 
100.0 

63.5 

63.4 

92.8 
100.0 
100.0 
100.0 

36.2 

100.0 

63.6 

13.4 

89.9  y 

44.6 
100.0 

71.8 

9.4 

100.0 

100.0 

78.0 

60.1 
100.0 

37.7 

30.1 

11.8 
100.0 
100.0 
100.0 
100.0 

17.2 
100.0 

13.6 

23.0  y 
100.0 

100.0 


l/  Includes  area  draining  to  Little  Kentucky  River. 
^Counties  considered  in  economic  projections  of 
Kentucky  River  Basin. 
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TABLE  lc 

SALT  RIVER  BASIN 
Counties  in  Basin 


State 

County 

Percent  of  Land 

Kentucky 

* 

Anderson 

71.1 

It 

* 

Boyle 

60.2 

It 

Bullitt 

98.4 

t! 

Casey 

18.5 

If 

Hardin 

25.5 

ft 

* 

Henry 

5.8 

It 

Jefferson 

31.3 

It 

Larue 

35-4 

It 

* 

Marion 

100.0 

It 

* 

Mercer 

69.9 

It 

* 

Nelson 

100.0 

It 

Oldham 

30.6 

It 

* 

Shelby 

86.4 

It 

* 

Spencer 

100.0 

II 

* 

Washington 

100.0 

♦Counties  considered  in  economic  projections  of 
Salt  River  Basin. 
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LICKING  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
Sq.  Miles 

Length  of 
Stream 
(miles) 

Miles  from 
confluence 
with  Ohio  River 

Licking  River 

3,670 

320 

0 

South  Fork 

950 

90 

51 
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TABLE  2b 


KENTUCKY  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 

Length  of  Miles  from 
Drainage  Area  Stream  confluence 


Tributary 

Sq.  Miles 

(miles) 

with  Ohio  River 

Kentucky  River 

6,940 

250 

0 

Eagle  Creek 

500 

8? 

11 

Elkhorn  Creek 

440 

85 

52.2 

Dix  River 

460 

77 

118.1 

Red  River 

480 

57 

190.3 

South  Fork 

736 

75 

254.8 

Middle  Fork 

545 

97 

258.6 

North  Fork 

1,305 

168 

258.6 
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TABUS  2c 


SALT  RIVER  BASIN 

Major  Tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
Sq.  Miles 

Length  of 
Stream 
(miles) 

Miles  frcm 
confluence 
with  Ohio  River 

Salt  River 

2,690 

125 

0 

Rolling  Fork 

l,47oi/ 

115 

12 

Beech  Fork 

776 

125 

29 

Floyds  Fork 

262 

65 

2k 

1 / Includes  Beech  Fork. 
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TABLE  3c 


LICKING-  - KENTUCKY-  - SALT  RIVER  BASINS 


y low  flow  regulated  by  Buckhorn  Reservoir  since  i960. 

J Low  flow  regulated  by  Herrington  La*e  since  19«-’5  and 
Buckhorn  Reservoir  since  i960. 

3/  Excerpted  from  Hydrology  of  the  Ohio  River  Basin,  Appendix 
” Ohio  River  Basin  Comprehensive  Survey. 
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TABLE  8a 


LICKING  RIVER 

base; 

Counties 

Considered  in  Economic 

Base 

of  Adjoining  Subareas 

State 

County 

Incl 

uded  in  Economic  Subarea 

Kentucky 

Boone 

K-2 

Ohio-Cincinnati 

It 

Eracken 

K-3 

Ohio- Cincinnati 

It 

Campbell 

K-2 

Ohio-Cincinnati 

ft 

Elliott 

J-l 

Guyandot-Big  Sandy-Little  Sandy 

It 

Kenton 

K-2 

Ohio-Cincinnati 

It 

Lewis 

H-l 

Ohio- Huntington 

It 

Macon 

K-3 

Ohio-Cincinnati 
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TABLE  8b 

KENTUCKY  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Kentucky 

Bell 

l» 

Boone 

If 

Carroll 

It 

Gallatin 

It 

Harlan 

It 

Jackson 

ft 

Knox 

It 

Rockcastle 

It 

Trimble 

Included  in  Economic  Subarea 


S-5 

Cumberland 

K-2 

Ohio-Cincinnati 

N-3 

Ohio- Louisville 

K-l 

Ohio-Cincinnati 

S-5 

Cumberland 

S-5 

Cumberland 

S-5 

Cumberland 

S-5 

Cumberland 

N-3 

Ohio- Louisville 

* 


I 
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TABLE  8c 

SALT  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  ; 

Kentucky 

Bullitt 

N-2 

Ohio- Louisville 

ft 

Casey 

P-3 

Green 

If 

Hardin 

P-2 

Green 

It 

Jefferson 

N-2 

Ohio- Loui s vi 1 le 

tf 

Larue 

P-2 

Green 

tt 

Oldham 

N-2 

Ohio- Louisville 

LICKING  RIVER  BASIN 


■ te : For  Area  Dec i gnat ion  M-i  cee  Kentucky  Hiver  and  Salt  River  Basins 
For  Area  Derignation  M-J*  see  Kentucky  River  Basin. 
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♦NOT  to  be  interpreted  as  waste  loads  to  the  stream 
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I SUMMARY 


Generally,  the  flows  in  the  lower  section  main  stem  of  the 
Green  River  Basin  are  adequate  to  meet  projected  municipal  and 
industrial  water  supply  needs  except  that  of  cooling  water  for 
thermal  electric  plants  in  the  lower  Green  River. 

The  headwater  cities  of  the  tributaries  constitute  the  main 
water  supply  problems.  Four  of  the  seven  largest  cities  in  the 
basin,  Madisonville , Russellville,  Elizabethtown,  and  Franklin  are 
located  on  or  near  the  basin  boundary.  Flow  records  indicate  that 
streams  in  the  vicinity  of  these  four  cities  frequently  dry  up  during 
the  summer.  Reservoirs  are  used  to  provide  water  for  three  of  the 
cities,  Elizabethtown  uses  ground  water.  The  expected  M&I  water  use 
increase  in  these  cities  is  in  the  order  of  four  to  six  times  the 
present  use  by  2020,  indicating  that  new  sources  will  be  needed. 

Water  Quality  Control  Problems 

Streamflows  in  Green  River  main  stem  are  sufficient  for 
quality  control  after  secondary  treatment  since  water  quality 
storage  is  provided  in  Green  River  Reservoir.  Further  investigation 
is  needed  of  heat  pollution  that  may  occur  in  the  lower  reaches  of 
Green  River  frcm  thermal  electric  plants. 

Eighteen  problems  of  water  quality,  nine  of  which  are  immediate, 
are  enumerated  in  the  report  for  various  tributary  reaches.  Three 
of  the  eighteen  of  these  may  possibly  be  eliminated  by  a schedule  of 
releases  of  seasonal  storage  in  the  Barren,  Rough  and  Nolin  Reservoirs. 
The  others,  which  are  on  the  tributaries,  will  need  individual  inves- 
tigation to  determine  the  most  economical  solution,  and  are  of  such 
magnitude  that  the  Soil  Conservation  Service  reservoirs  could  provide 
regulation,  if  flow  regulation  could  be  a purpose  of  such  reservoirs. 


II  DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 


The  Green  River  Basin  is  located  in  west  central  Kentucky  and 
includes  a mall  portion  of  northern  Tennessee.  It  is  bounded  on 
the  south  and  east  by  the  Cumberland  River  Basin,  on  the  west  by 
the  Tradevater  and  other  minor  Ohio  River  tributary  watersheds,  and 
on  the  north  by  the  Kentucky  and  the  Salt  River  Basins  and  other 
minor  Ohio  River  tributary  basins.  The  basin  includes  all  or  parts 
of  31  counties  in  Kentucky  and  parts  of  3 counties  in  Tennessee. 

These  counties  are  shown  in  Table  1 with  the  percentage  of  the  lsuid 
area  that  lies  in  the  basin. 

The  headwaters  of  the  Green  River  are  in  Lincoln  and 
Casey  Counties,  Kentucky.  The  river  flows  330  miles  in  a 
northwesterly  direction  to  the  Ohio  River  where  it  discharges 
about  8 miles  above  Evansville,  Indiana,  and  197  miles  above  the  con- 
fluence of  the  Ohio  with  the  Mississippi  River  (see  Figure  10-1). 

The  area  drained  by  the  Green  River  and  its  tributaries  is  about 
9,273  square  miles  (377  of  which  are  in  northern  Tennessee).  The 
drainage  areas  and  points  of  discharge  of  the  main  tributaries  are 
shown  in  Table  2. 

The  existing  navigation  project  on  the  Green  and  Barren  Rivers 
provides  for  six  locks  and  dams  on  the  Green  River  and  one  on  the 
Barren  River.  The  project  provides  a navigable  depth  of  9 feet  from 
the  Ohio  River  to  mile  103,  Green  River,  and  a navigable  depth  of 
5.5  feet  upstream.  Locks  and  Dams  No.  5 and  6 at  river  mile  168.1 
and  l8l.7»  Green  River,  respectively,  were  deactivated  in  1951  and 
the  pool  formed  by  Dam  ^ at  mile  IU9  was  drained  by  a breaching  of 
the  dam  in  May  of  1965.  The  Louisville  District  Corps  of  Engineers 
has  studied  the  navigation  prospects  and  is  currently  recommending 
that  operation  and  maintenance  of  the  navigation  project  cease  above 
mile  103  on  the  Green  River.  The  existing  pools  above  this  point 
on  the  Green  and  Barren  Rivers  would  be  left  unchanged  but  no  lockages 
would  be  made. 
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Physical  Features 

The  topography  of  the  basin  varies  from  the  rugged  hilly 
terrain  in  the  eastern  part  of  the  basin,  bordering  the  southern 
part  of  the  Bluegr&ss  region,  to  the  deep  valle/s  and  cavern  areas 
in  the  central  section,  and  the  swampy  and  wide  alluvial  plains  of 
the  western  and  northern  sections.  Elevations  range  from  over  1,050 
feet  at  the  source  of  the  river  to  the  337  foot  pool  elevation  at  the 
mouth  of  the  river. 

The  underlying  rock  strata  dip  generally  to  the  west  and 
northwest.  The  basin  consists  of  two  physical  land  units,  the 
Pennyroyal  and  the  Western  Coal  Fields.  The  largest  section,  the 
Western  Coal  Fields,  is  in  the  western  part  of  the  watershed  and  the 
Pennyroyal  is  in  the  eastern  part  of  the  watershed.  The  sedimentary 
rock  formation  consists  of  limestones,  cherty  limestones,  dolomites, 
sandstones,  and  shales.  Subsurface  drainage,  which  was  developed  in 
premodern  times,  has  resulted  in  large  solution  caverns  directly 
underlying  the  surface  residual  soils  in  the  western  portion  of  the 
Pennyroyal.  Alluvial  deposits  in  the  valleys  of  the  Western  Coal 
Fields  range  up  to  100  feet  or  more  in  depth  and  were  probably  laid 
down  during  the  Wisconsin  glacial  epoch  at  a time  when  the  Ohio 
River  was  draining  the  glacial  occupied  region. 

Climate 


The  climate  of  the  basin  is  the  humid,  temperate,  continental 
type,  and  lies  in  the  path  of  moisture-bearing  storms  which  move 
from  the  Gulf  region  to  the  north  Atlantic  Coast.  The  mean  annual 
temperature  is  about  57°F  varying  frcm  a mean  of  37°F  in  January  to 
a mean  of  76°F  in  July,  allowing  a growing  season  of  approximately 
180  days.  The  precipitation  is  fairly  evenly  distributed  throughout 
the  year  with  smaller  amounts  occuring  during  late  summer  and  fall. 

The  average  annual  precipitation  varies  from  k2  inches  in  the  lower 
portion  of  the  basin  to  U9  inches  in  the  upper  portion  with  an  average 
annual  rainfall  over  the  entire  watershed  area  of  about  U7  inches. 

Principal  Communities  and  Industries 

There  are  23  cities  with  a population  over  1,000,  of  which  only 
three  exceed  10,000.  The  largest  city  in  the  basin  is  Bowling  Green 
on  the  Barren  River.  Table  3 lists  the  cities  over  1,000  and 
illustrates  the  growth  of  these  smaller  communities. 


| 

I 


10-3 


The  leading  manufacturing  industries  Eire  apparel,  forest 
products  and  food.  Although  agriculture  accounts  for  the  major 
portion  of  the  occupational  activity  in  the  basin,  there  are  areas 
where  mining  of  coal  and  rock  asphalt  and  oil  and  gas  production 
are  important. 
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Ill  WATER  RESOUHUtb 


Surface  Water  Resources 


Quantity- 

Table  4 lists  seven  reservoirs  in  the  Green  River  Basin 
totaling  more  than  one  hundred  acres  of  surface  area.  The  Green 
River  Reservoir  (under  construction)  has  64,500  acre-feet  of 
storage  for  low  flow  regulation  that  provides  for  minimum  releases 
of  150  cfs  January  through  December.  Nolin,  Barren  and  Rough  River 
Reservoirs  have  seasonal  storage  that  provide  varying  amounts  released 
September  through  November,  depending  on  amount  of  inflow.  Each  of 
these  reservoirs  are  controlled  to  release  75  cfs  at  top  of  conservation 
pool  and  50  cfs  until  pool  is  depleted.  There  are  six  Soil  Conservation 
Service  reservoirs  existing  or  programmed  for  the  basin.  In  addition 
to  the  three  with  surface  area  over  100  acres  listed  in  Table  4, 

Mud  River  #33,  Caney  Creek  #2  and  West  Fork  of  Pond  #6  are  also 
programmed  for  the  basin.  These  three  have  a total  surface  area  of 
150  acres  and  provide  a total  storage  of  2,276  acre-feet,  of  which 
183  are  for  water  supply  purposes. 

Streamflow  data  shown  in  Table  5 were  excerpted  from  data 
prepared  by  the  Corps  of  Engineers.!/  Monthly  mean  flows  vary 
widely  throughout  the  year.  The  average  annual  flow  at  Livermore, 
Kentucky,  for  32  years  of  record  if  10,850  cfs.  Flows  at  this 
station,  which  contains  82  percent  of  the  basin  drainage,  vary  from 
19  percent  of  the  average  annual  flow  passing  in  February  .9 
percent  passing  in  October.  In  the  period  from  July  to  '.ber  the 
monthly  flows  vary  frcm  3*2  to  .9  percent  of  the  average  annual  flow. 
Sixty-one  percent  of  the  average  annual  runoff  passes  th-  Livermore 
gage  from  December  1 to  April  1,  27  percent  from  April  1 00  July  1, 
and  12  percent  from  July  1 to  December  1. 

Quality 

U.  S.  Geological  Survey  data  obtained  from  the  Kentucky 
Water  Pollution  Control  Commission  indicate  frcm  essentially  daily 
analysis  of  Green  River  water  at  Munfordville  from  1953  to  1957, 
inclusive,  that  pH  varied  from  6.9  to  8,  hardness  as  CaCO$,  to  a 


l/  Hydrology  of  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 


maximum  value  of  166  ppm,  and  dissolved  solids  to  a maximum  of 
25*+  ppm  of  which  sodium  constituted  13  ppm.  These  values  appeared 
in  streamflows  which  varied  from  about  100  to  26,000  cubic  feet  per 
second.  For  the  period  October  1,  1950  to  September  30,  1957  the 
average  chloride  content  of  the  Green  River  at  Munfordville  was 
3.9  ppm.  Maximum  water  temperature  has  been  &2°F. 

In  1958  chloride  concentrations  began  to  rise  in  this  area  as 
oil  field  brine  discharge  into  the  river  became  apparent.  The  brines 
affected  the  Green  River  as  far  down  as  South  Carrollton  in  Muhlenburg 
County.  The  discharges  brought  about  an  emergency  situation  which 
was  attacked  from  all  angles  by  State  agencies  and  oil  operators. 

Latest  reports  indicate  that  this  situation  has  been  corrected.  Other 
oil  field  wastes  and  brines  have  been  local  in  nature  but  have  affected 
water  quality  in  small  streams  tributary  to  the  Green  River  and  Rough 
River  in  the  lower  reaches. 

The  relatively  high  natural  alkalinity  of  the  normal  stream 
waters  tends  to  localize  the  effects  to  any  mine  drainage  and  it  is 
only  apparent  in  a few  small  tributaries,  with  no  noticeable  effect 
on  the  larger  main  streams. 

The  Barren  River  is  widely  used  for  recreational  purposes  in 
such  ways  as  boating,  fishing,  and  swimming.  The  fishing  is  considered 
to  be  excellent  throughout  the  length  of  the  river. 

U.  S.  Geological  Survey  records  of  Pond  River  near  Sacramento, 
Kentucky,  a tributary  which  drains  a strip-mine  area,  shows  pH  values 
of  3,  hardness  in  excess  of  800  ppm  and  dissolved  solids  in  excess 
of  1,600  ppm  of  which  sulfate,  iron,  and  sodium  are,  respectively, 
1,120,  14,  and  58  ppm  maximum  values. 

Ground  Water  Resources 

Quantity 

The  U.  S.  Geological  Surveyi/describes  the  Green  River  as 
rising  in  Lincoln  County  in  the  Mississippian  Plateau  and  flowing 
westward  across  Mississippian  rocks  to  Butler  County  where  it  enters 
the  area  of  Pennsylvanian  rocks  in  the  Western  Coal  Field  region,  and 
then  flowing  northwestward  across  these  rocks  to  its  junction  with  the 
Ohio  River. 

1/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 


Yields  of  high  capacity  wells  in  sandstones  of  the  Pennsylvanian 
System  range  from  20  to  150  gpm.  The  depth  of  these  wells  range  from 
50  to  900  feet. 

Limestone  of  the  Mississippian  System  will  yield  30-300  gpm 
frcm  wells  200-650  feet  deep.  Springs  in  these  rocks  reportedly 
flow  100  to  1,500  gpm. 

Deposits  of  alluvium  are  present  along  the  Green  River,  but 
there  are  no  large  withdrawals  of  ground  water  from  these  deposits. 

Most  known  wells  are  shallow  dug  or  driven  type  and  supply  only 
enough  water  for  domestic  use. 

Ground  water  yields  adequate  for  domestic,  small  municipalities 
and  small  industries  needs  are  generally  available  throughout  the 
region,  particularly  in  areas  underlain  by  sandstone  in  the  Western 
Coal  Field.  Several  communities  in  the  basin  are  supplied  entirely 
frcm  wells  or  springs.  Larger  supplies  would  have  to  be  provided  for 
frcm  surface  impoundments. 

1 

Quality 

> 

No  analyses  of  ground  water  are  available,  or  are  reported  from 
the  alluvium  along  the  Green  River;  however,  it  is  expected  that 
quality  would  follow  much  the  same  as  the  Green  River  due  to  recharge 
induced  by  pumping  of  wells  adjacent  to  the  Green  River. 

The  U.  S.  Geological  Survey,  Appendix  E,  reports  the  following 
ranges  in  the  concentrations  of  common  constituents  in  the  ground 
water  from  the  sandstone  of  the  Pennsylvanian  System: 

Hardness 

Sulfate 

Chloride 

Total  dissolved  solids 
Temperature 


It  is  also  reported  that  saline  water  becomes  a problem  in  the 
limestone  of  the  Mississippian  age  in  seme  areas  at  depths  greater 
than  75  feet. 


50  - 450  mg/1 

25  - 250  mg/1  I 

5-75  mg/l 

I 

200  - 2100  mg/l 
59°F 
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IV  THE  ECONOMY 


The  Green  subarea  of  the  Projective  Economic  Study  lies  entirely 
within  Kentucky  and  is  nearly  coextensive  with  the  middle  and  upper 
drainage  basins  of  the  Green  River.  This  area  is  predominantly 
agricultural  in  nature  and  includes  the  19  counties  listed  in  Tables 
6 and  7 as  shown  on  Figure  10-1,  page  10-29.  For  the  purpose  of 
utilizing  the  projections  of  population  and  economic  activity  from 
the  Projective  Economic  Study  for  estimating  future  water  require- 
ments and  waste  loads  which  are  related  to  hydrology,  the  subarea  has 
been  divided  into  three  minor  areas  designated  P-1,  P-2,  and  P-3. 

The  P-1  area  includes  four  counties  in  the  western  portion  of  the 
subarea,  the  P-2  area  includes  four  counties  in  the  northern  portion 
of  the  subarea,  and  the  P-3  area  includes  11  counties  in  the  southeastern 
portion  of  the  subarea. 

Economic  Profiles 


Minor  Area  P-1 

P-1  is  a rural  area  with  a total  population  of  96,600,  the 
most  significant  city  being  Russellville.  The  most  inclusive  measure 
of  economic  well-being,  per  capita  personal  income,  shows  the  area 
to  be  below  average  with  $1,157  in  1060  compared  to  $1,322  for  Kentucky 
and  $1,850  for  the  Nation. 

Agriculture  was  the  largest  employment  category  in  i960,  but 
had  been  declining  at  an  average  annual  rate  of  5.9  percent  between 
1050  and  i960.  However,  the  value  of  farm  products  sold  in  1959 > 

$20  million,  was  an  increase  of  three  million  dollars  over  the  total 
value  sold  in  195*+.  Irrigation  is  not  an  important  water  use  with 
only  2k0  acres  irrigated  in  1959- 

Manufacturing  is  still  in  the  development  stage  and  character- 
ized by  many  small  establishments  with  only  eight  plants  hiring  more 
than  100  employees,  the  largest  hiring  over  500  workers.  The  major 
manufacturing  industries  are  printing  and  allied  products,  furniture 
and  wood  products,  machinery  (including  electrical  machinery),  and 
food  processing. 


L 


This  area  is  a major  producer  of  crude  petroleum  and  bitu- 
minous coal,  extracting  1.2  million  barrels  of  crude  oil  and  22  million 
tons  of  coal  in  I960*  which  represented  4.7  and  32.8  percent  respectively 
of  total  production  in  the  State.  In  1954,  onry  146,000  barrels 
crude  oil  were  produced  and  18  million  tons  of  coal. 

Minor  Area  P-2 

The  P-2  area  had  a population  of  111,600  in  i960  with  the 
most  important  city  being  Blizabetbtown.  This  is  a sparsely  settled 
agricultural  area  with  the  urban  population  increasing  from  5.9 
percent  of  total  population  in  1950  to  14.3  percent  in  i960. 

Agriculture  is  the  predominant  employment  category  and 
accounted  for  25  percent  of  total  employment  in  i960.  Although 
employment  has  been  declining,  the  total  value  of  farm  products  sold 
in  1959,  $20.4  million,  revealed  a $4.5  million  increase  in  current 
output  over  1954.  Livestock  and  livestock  products  were  the  most 
important  commodities  sold  in  1959*  Less  than  200  acres  in  the  area 
are  irrigated. 

Manufacturing  is  an  infant  industry  in  the  area  with  only 
four  significant  establishments  in  1964,  all  within  the  100-249 
employment  range.  The  major  employment  categories  are  machinery 
(including  electrical  machinery),  apparel,  food  processing,  and 
furniture  and  wood  products. 

The  mineral  industry  is  confined  almost  wholly  to  coal  and 
crude  oil  extraction,  producing  3.2  million  tons  and  one  million 
barrels  respectively  in  i960, which  equaled  4.8  and  4 percent  respectively 
of  total  State  production.  These  figures  represent  an  increase  of 
500,000  tons  of  coal  and  a decrease  of  200,000  barrels  r l'  oil  from 
the  1954  figures. 

Minor  Area  P-3 

This  rural  area  had  a i960  population  of  184,700  with  only  two 
significant  cities,  Glasgow  and  Bowling  Green.  The  per  capita  personal 
income  of  $1,045  was  considerably  below  the  average  of  $1,322  for 
Kentucky  and  $1,850  for  the  Nation.  The  three  eastern  counties, 

Adair,  Casey,  and  Green,  lie  within  the  designated  Appalachian  Region. 
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Agriculture  is  by  far  the  most  important  employment  category 
with  33  percent  of  total  employment  in  i960.  Although  employment 
has  been  decreasing  at  an  average  annual  rate  of  5.1,  the  value  of 
farm  products  sold  has  been  increasing.  In  1959>  the  value  of  farm 
products  sold  amounted  to  $70  million  representing  an  increase  of 
$14  million  in  current  output  over  1954.  Field  crops  and  livestock 
and  livestock  products  each  accounted  for  approximately  50  percent 
of  the  total  value.  Irrigation  is  not  an  important  water  use  with 
only  400  acres  under  irrigation  in  1959. 

Manufacturing  is  characterized  by  many  small  establis.ments 
although  manifesting  a strong  growth  rate.  The  number  of  plants 
above  100  employees  doubled  between  1958  and  1964  with  27  such  plants 
existing  in  1964.  The  major  employment  categories  are  apparel,  food 
processing,  machinery  (including  electrical  machinery),  and  furniture 
and  wood  products. 

Crude  oil  is  of  signal  importance  in  mineral  production  in  the 
area  with  five  million  barrels  having  been  produced  in  i960,  the 
only  other  significant  production  being  in  crushed  and  broken  stones. 
Total  crude  oil  production  amounted  to  19*1  percent  of  the  total  State 
production.  No  crude  oil  vac  produced  in  the  area  in  1954  indicating 
the  relatively  new  development  of  this  mineral  in  the  area. 

Projected  Population  and  Industrial  Activity 

Population  is  projected  to  increase  from  393,100  in  i960  to 
456,600  by  1980  and  to  777,000  by  2020.  The  projected  1980  population 
represents  the  same  share  of  Ohio  River  Basin  projected  population 
as  did  the  i960  population.  (See  Table  6). 

Agricultural  output  is  projected  to  increase  from  $323  million 
in  i960  to  $508  million  by  2010  in  the  Green  subarea  whereas,  manufac- 
turing output  is  expected  to  increase  frcm  $306  million  in  i960  to 
$2.2  billion  by  2010.  (See  Table  7). 

In  addition  to  the  19  counties  included  in  the  Green  River 
Basin  subarea  in  the  Projective  Economic  Study,  15  other  counties 
(12  in  Kentucky  and  3 in  Tennessee)  have  land  area  in  the  basin. 

These  counties  »'-«»  listed  in  Table  8. 


ft 
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V WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


Present  and  Projected  Water  Use 

There  are  43  central  water  supply  systems  in  the  Green  River 
Basin  serving  170,245  people.  This  population  served  is  now  using 
15  million  gallons  daily  (mgd)  or  an  average  of  89  gallons  per 
capita  daily.  Additional  self-supplied  water  use  by  industry  is 
estimated  to  amount  to  4 mgd  or  total  water  supply  use  of  19 
mgd  amounting  to  116  gallons  per  capita  daily  use. 

Table  9 summarizes  the  present  municipal  and  industrial  water 
use  by  economic  area  groupings  and  Table  10  shows  the  projected  water 
use  for  these  areas. 

The  23  cossHunities  listed  in  Table  3 represent  88.3  percent 
of  the  population  served  from  central  supplies  and  87.3  percent  of 
the  total  water  use  at  present  in  the  Green  River  Basin.  Five  are 
now  using  ground  water,  representing  12.9  percent  of  the  population 
served  or  about  11.4  percent  of  the  water  use  in  the  basin.  The 
other  l8  communities  use  surface  sources  and  represent  75  percent 
of  the  population  served  and  82.5  percent  of  the  water  used  frcm 
central  supplies  in  the  basin. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5>  and  availability 
of  ground  water  reported  by  the  U.  S . Geological  Survey-'  were 
utilized  to  make  judgment  as  to  need  for  future  development  of 
water  supply  source  in  various  areas  of  the  basin. 

Four  of  the  seven  largest  cities  are  located  on  or  near  the 
basin  boundary.  Two  of  these  cities , Madisonville  and  Russellville, 
are  in  the  minor  area  P-1,  and  Franklin  is  in  minor  area  P-3.  It  is 
indicated  that  the  order  of  magnitude  of  increase  of  municipal  and 
industrial  vater  supply  will  be  about  six  by  2020  for  minor  area  P-1 
and  P-3.  While  Elizabethtown  is  in  a minor  area  indicated  to  have  a 

1 / Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 

^ Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 


10-11 


I 


I 


growth  in  the  order  of  four  by  2020,  it  could  be  expected  that  the 
majority  of  growth  in  that  minor  area  would  occur  in  Elizabethtown. 

Flow  records  indicate  that  streams  in  the  vicinity  of  these  four 
cities  frequently  dry  up  during  the  summer.  Reservoirs  provide  water 
for  three  of  the  four  cities,  Elizabethtown  uses  ground  water.  When 
the  growth  projected  occurs,  it  can  be  expected  that  these  four  cities 
will  have  a greater  water  supply  problem  due  to  their  headwater  location. 

The  other  three  larger  cities  are  in  relatively  good  position 
for  future  water  supply.  Bowling  Green  and  Glasgow  could  be  served 
from  the  new  Barren  Reservoir.  Campbellsville , on  Pitman  Creek, 
could  either  enlarge  its  reservoir  or  be  served  by  pipeline  from 
the  Green  River  Reservoir  now  under  construction. 

Table  11  lists  the  water  supply  problem  areas  of  the  basin 
and  approximate  time  of  onset  of  the  problem. 

TABI£  11 

GREEN  RIVER  BASIN 
Water  Supply  Problem  Areas 


Minor  Area 

Present 

I98O 

2000 

2020 

Madison vi lie 

P-1 

X 

Russellville 

P-1 

X 

Elizabethtown 

P-2 

X 

Franklin 

P-3 

X 

There  are 

two  steam  electric  plants 

in  the 

Green  River 

Basin 

for  which  water  supply  problems  are  anticipated.  Green  River  Plant  of 
263.7  megawatt  capacity  and  Paradise  Plant  of  1,35^  megawatt  capacity 
are  located  on  the  Green  River  at  river  mile  87  and  100  respectively 
from  the  mouth  of  the  Green  River. 
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Using  the  average  figure  of  1.2  cfs  per  megawatt  capacity  for 
once  through  cooling  present  flow  requirements  for  two  plants  would 
be  as  follows: 


Paradise 

1,35^ 

MW  Capacity 

- 

1j630  cfs 

Green  River 

263.7 

MW  Capacity 

- 

317  cfs 

The  one  day  in  30  year  return  natural  low  flow  of  the  Green 
River  at  this  point  is  156  cfs.  Based  on  this  design  figure  the 
demand  exceeds  the  supply  by  a factor  of  10. 

The  average  monthly  flows  at  Livermore  were  examined  for  the 
period  of  record  1951  to  i960.  It  was  found  that  for  the  10  year 
period  of  record  the  average  monthly  flow  fell  below  1,630  cfs — 25 
months  of  the  120  months  of  record  or  21  percent  of  the  time  flows 
were  below  that  required  for  adequate  cooling  at  Paradise.  Twenty-one 
of  the  twenty-five  months  occurred  during  the  months  of  August, 
September,  October,  and  November  and  a frequency  of  at  least  one 
month  in  every  year;  therefore,  cooling  water  needs  at  Faradise  are 
an  immediate  problem  that  needs  more  detailed  study. 

Four  existing  reservoirs  in  the  basin  now  fix  low  flows  and 
assure  that  flows  will  be  available  for  water  s;zpplies  to  minimize 
danger  of  failure.  However,  water  supply  storage  is  not  provided 
for  cooling  and  does  not  lessen  the  cooling  water  problem  in  the 
lower  Green  River. 


L 
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VI  WATER  QUALITY  CONTROL 


Present  and  Projected  Waste  Loads 

There  are  22  central  sewage  collection  systems  in  the  Green 
River  Basin  serving  112,550  people.  Organic  industrial  wastes  are 
estimated  to  contribute  an  additional  68,640  population  equivalent 
in  biochemical  oxygen  demand. 

Table  12  sunmarizes  the  present  pollutional  loadings  by 
economic  minor  areas  and  Table  13  shows  the  projected  loads  for 
these  same  areas. 

Water  Quality  Control  Problems 

Each  of  the  subareas  shown  were  examined  for  relative  distri- 
bution of  the  waste  loads  within  the  area  and  the  assumption  made 
that  at  least  85  percent  of  the  loading  could  be  removed  by  secondary 
waste  treatment.  The  remaining  waste  loading  was  compared  with  the 
assimilative  capacity  of  the  7 day  average  low  flow  with  a return 
period  of  once  in  ten  years  as  shown  in  Table  5» 

If  the  projected  waste  loading  exceeded  that  which  would 
lower  the  dissolved  oxygen  in  the  stream  below  4 parts  per  million 
at  average  summer  temperature  at  the  indicated  7 day  average  flow, 
the  area  was  termed  a potential  problem  to  be  further  investigated 
in  Type  II  Studies. 

The  water  quality  control  problem  areas  foreseen  in  the  Green 
River  Basin  are  shmwn  in  Table  l4  by  tributary  and  vicinity  along 
with  approximate  timing  that  the  situation  should  occur. 

If  flow  regulation  is  accepted  as  the  most  feasible  method  for 
alleviating  the  water  quality  problems  shown,  Bowling  Green  will 
require  minimum  flows  in  the  stream  in  the  order  of  120  to  150  cfs 
by  2020  to  assimilate  wastes  after  adequate  treatment.  Glasgow, 
Carapbellsville , Madisonville , and  Russellville  will  require  40  to  60  cfs 
while  flows  in  the  order  of  magnitude  of  15  to  25  cfs  will  assimilate 
adequately  treated  waste  from  Scottsville,  Central  City,  Elizabethtown, 
Columbia,  Greenv- 1 le , and  Franklin  in  the  projected  future. 

The  remaining  seven  problem  areas  will  require  frcra  7 to  15  cfs 
in  the  various  stream  sections  to  maintain  quality  control. 
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TABLE  14 


GREEN  RIVER  BASIN 


Jbresent  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 


Vicinit; 


Economic  Apprcnri mate  Beginning 
Area  Present  IffiO  2000 


Barren  River-Main 

Bowling  Green 

P-3 

X 

Stem 

Barren  River-Bays 

Scottsville 

P-3 

X 

Fork 

Barren  River-Scraggs  Glasgow 

P-3 

X 

& Beaver  Crk. 

Barren  River-Drakes  Franklin 

P-3 

X 

Creek  2 / 

Barren  River-Drakes  Portland-' 

S-3 

X 

Creek 

Barren  River-Mill 

Temp  kins vi lie 

S-4 

X 

Creek 

Rough  River-Main 

Hartford 

P-2 

Stem 

Rough  River-Muddy 

Beaver  Dam 

P-2 

X 

Creek 

Pond  River-Flat 

Madisonville 

P-1 

X 

Creek 

Pond  River-Cypress 

Central  City 

P-1 

X 

Creek 

pond  River-Caney 

Greenville 

P-1 

X 

Creek 

Nolin  River-Main 

Hodgenville 

P-2 

Stem 

Nolin  River-Valley 

Elizabethtown 

P-2 

X 

Creek 

Mud  River-Town 

Russellville 

P-1 

X 

Branch 
Bear  Creek 

Leitchfield 

P-2 

X 

Russell  Creek 

Columbia 

P-3 

X 

Pittman  Creek 

Campbe  11s  vi  lie 

P-3 

X 

Green  River-Main 

Liberty 

P-3 

X 

Stem 


1/  Located  in  State  of  Kentucky  unless  otherwise  noted. 
2/  State  of  Tennessee. 


X 


X 


; Date 

2020 
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Pollutional  problems  of  the  main  stem  Green  River  aftpr 
secondary  treatment  or  equivalent  reduction  of  waste  is  provided 
for  with  permanent  quality  control  storage  in  Green  River  Reservoir; 
however,  the  area  above  the  reservoir  has  a potential  problem  at 
Liberty,  KeutucKy,  as  indicated  in  Table  14. 

Supplemental  flows  from  the  Green  River  Reservoir  provide  a 
minimum  7 day  average  flow  once  in  10  years  return  frequency  of  about 
350  cfs  at  the  thermal  power  plant  at  Paradise,  Kentucky. 

It  was  stated  in  the  water  supply  section  that  l,b30  cfs 
would  be  required  for  once  through  cooling  to  operate  the  plant  at 
rated  capacity.  If  this  plant  is  operated  at  capacity  and  assuming 
a 13°F  temperature  rise  for  once  through  cooling,  heat  exchange 
problems  would  develop  within  the  plant  and  at  1,200  cfs  the  tempera- 
ture of  the  stream  would  approach  95°F  during  summertime  operation. 

The  conclusion  is  drawn  tiiat  heat  is  creating  water  quality 
problems  in  the  lower  Green  River  that  can  be  solved  by  off-stream 

cooling. 


The  seasonal  storage  in  Barren,  Rough  and  Nolin  Reservoirs 
s could  be  further  investigated  for  possibilities  of  finning  up  low 
flows  to  provide  quality  control  minimum  flow  on  the  respective  main 
stem  rivers. 

The  quality  problems  shown  in  Table  14  that  axe  on  the  smaller 
tributaries  should  be  investigated  as  to  possibilities  of  transporting 
the  wastes  to  the  larger  streams  for  dilution,  dilution  of  residual 
waste  loads  by  storage  in  tributary  reservoirs  such  as  constructed 
by  the  Soil  Conservation  Service  or  other  means  that  may  present 
itself  in  more  detailed  studies. 
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TABLE  1 


GREEN  RIVER  BASIN 


Counties  in  Basin 


State 

County 

Percent  of  Land 

Kentucky 

* 

Adair 

92.3 

II 

* 

Allen 

100 

II 

* 

Barren 

100 

II 

Breckinridge 

39.7 

II 

* 

Butler 

100 

II 

* 

Casey 

71.3 

II 

Christian 

22.6 

II 

Cumberland 

10.9 

II 

Daviess 

71.2 

II 

* 

Edmonson 

100 

II 

* 

Grayson 

100 

It 

* 

Green 

100 

W 

Hancock 

14.7 

It 

* 

Hardin 

56.3 

If 

* 

Hart 

100 

ir 

Henderson 

34.7 

it 

* 

Hopkins 

52.9 

it 

* 

Larue 

64.6 

ii 

Lincoln 

17.0 

it 

* 

Logan 

6l.l 

if 

McLean 

100 

n 

* 

Metcalf 

96.4 

if 

Monroe 

68.5 

ti 

* 

Muhlenberg 

100 

H 

* 

Ohio 

100 

II 

Russell 

29.4 

ft 

* 

Simpson 

77.3 

II 

* 

Taylor 

100 

II 

Todd 

35.7 

II 

* 

Warren 

100 

II 

Webster 

40.2 

Tennessee 

Clay 

10.9 

II 

Macon 

72.5 

It 

Sumner 

70. Q 

♦Counties  considered  in  economic  projections  of 
Green  River  Basin. 
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TABLE  2 

GREEN  RIVER  BASIN 

Major  Tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
Sq.  Miles 

Length  of 
Stream 
(miles) 

Miles  from 
confluence 
with  Ohio  River 

Green  River 

9,273 

370 

0 

Panther  Creek 

367 

50 

28.5 

Pond  River 

756 

89 

55.0 

Rough  River 

1,025 

157 

71.3 

Mud  River 

430 

60 

108.6 

Barren  River 

2,132 

15  8 

149.5 

Bear  Creek 

200 

4o 

168.5 

Nolin  River 

750 

122 

183.5 
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GREEN  RIVER  BASIN 

Population  of  Principal  Ccnmunities 


City 

County 

State 

1930 

1990 

1950 

I960 

Bowling  Green 

Warren 

Kentucky 

12,3^8 

19,585 

18,397 

28,338 

Madisonville 

Hopkins 

II 

6,008 

8,209 

11,132 

13,110 

Glasgow 

Barren 

It 

5,092 

5,815 

7,025 

10,060 

Elizabethtown 

Hardin 

II 

2,5^0 

3,667 

5,807 

9,691 

Campbellsville 

Taylor 

tl 

1,923 

2,988 

3,977 

6,066 

Russellville 

Iogan 

II 

3,297 

3,083 

9,529 

5,861 

Franklin 

Simpson 

ll 

3,056 

3,990 

9,393 

5,310 

Central  City 

Muhlenberg 

It 

9,321 

9,iqo 

9,110 

3,6o9 

Scottsville 

Allen 

II 

1,867 

1,707 

2,060 

3,329 

Greenville 

Muhlenberg 

tl 

2,951 

2,397 

2,661 

2,108 

Leitchf ield 

Grayson 

ll 

950 

1,196 

1,312 

2,062 

2,929 

Portland 

Sumner 

Tennessee 

1,030 

1,212 

1,660 

Greensburg 

Green 

Kentucky 

770 

1,176 

1,032 

2,339 

Columbia 

Adair 

II 

1,195 

1,372 

2,167 

2,255 

Tomkins  ville 

Monroe 

ll 

850 

1,938 

1,859 

2,001 

Hodgenville 

Larue 

1,985 

Horse  Cave 

Hart 

11 

1,259 

1,278 

1,595 

1,780 

Beaver  Dam 

Ohio 

ll 

1,036 

1,166 

1,399 

1,698 

Hartford 

Ohio 

ll 

1,385 

1,569 

1,618 

Liberty 

Casey 

It 

599 

676 

1,201 

1,578 

Livermore 

McLean 

II 

1,573 

1,601 

l,99l 

1,506 

Cave  City 

Barren 

II 

773 

960 

1,119 

1,918 

Sebree 

Webster 

II 

990 

1,109 

1,158 

1,130 

1 


« 


1 

TABI£  4 

GREEN  RIVER  BASIN 

Reservoirs  - Area  100  Acres  or  Greater 

Perm  .Pool  Storage  (acre-feet) 


Area 

Flood 

Water 

Name 

Purpose 

(acres) 

Control 

gHEP1 1 

Other 

Barren  River 

F,  R 

20,150 

768,000 

46,600 

Green  River 

F,  A,  R 

5,070 

560,600 

62,600 

Nolin  River 

F,  R 

14,530 

570,100 

130,800 

Rough  River 

F,  R 

10,260 

314,200 

99,800 

*Mud  River  #51 

F,  R 

826 

5,036 

13,944 

♦Mud  River  #2A 

F,  W,  R 

142 

1,831 

2,100 

♦Valley  Creek  #4 

F,  W,  R 

162 

1,110 

920 

680 

Lake  Malone 

R 

826 

Lake  Peewee 

W,  R 

300 

Shanty  Hollow 

R 

107 

F - Flood  Control 
R - Recreation 
W - Water  Supply 
A - Low  Flow  Regulation 
* - SCS  Reservoirs 


¥ 
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TABLE  6 

GREEN  RIVER  BASIN 


TAB  IE  8 

GREEN  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  Subarea 

Kentucky 

Breckinridge 

N-l 

Ohio-Louisville 

ft 

Christian 

S-l 

Cumberland 

It 

Cumberland 

S-4 

Cumberland 

tt 

Daviess 

0-3 

Lower  Ohio-Evansville 

It 

Hancock 

0-3 

Lower  Ohio-Evansville 

It 

Henderson 

0-2 

Lower  Ohio-Evansville 

tt 

Lincoln 

M-2 

Licklng-Kentucky-Salt 

tt 

McLean 

0-3 

Lower  Ohio-Evansville 

It 

Monroe 

S-4 

Cumberland 

It 

Russell 

3-4 

Cumberland 

It 

Todd 

S-l 

Cumberland 

It 

Webster 

0-1 

Lower  Ohio-Evansville 

Tennessee 

Clay 

S-3 

Cumberland 

It 

Macon 

S-3 

Cumberland 

ft 

Sumner 

s-3 

Cumberland 
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ider  Conbined  Supplies 


GREEN  RIVER  BASIN 

Base  Municipal  and  Industrial  Organic  Waste  Production 

Raw  Waste  Production 
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I SUMMARY 


1 


Municipal  and  Industrial  Water  Supply  Problems 

A total  of  3^7  municipal  water  systems  provide  242  million 
gallons  per  day  to  an  estimated  served  population  of  2,117,000. 

The  seven  largest  systems,  supplying  Indianapolis,  Muncie,  Anderson, 
Terre  Haute,  and  Kokomo  in  Indiana,  and  Danville  and  Chsmpaign- 
Urbana  in  Illinois , serve  49  percent  of  this  population  with  53 
percent  of  the  water.  Major  industrial  use  generally  centers  in 
these  same  areas.  Points  of  need  for  immediate  additional  sources 
of  supply  are  Paoli,  Austin,  Rushville,  Anderson,  New  Castle, 
Alexandria,  Tipton,  Marion  and  Bluffton  in  Indiana  and  Olney  in 
Illinois.  By  1980,  Greenfield,  Greenwood,  Elwood,  Crawfordsville , 
Huntingburg,  Indianapolis,  Lebanon,  Kokomo,  Jasper  and  Greensburg 
in  Indiana,  and  Charleston,  Paris  and  Danville  in  Illinois  will 
j need  additional  supplies.  Other  communities  having  somewhat 

immediately  less  urgent  needs  but  requiring  additional  development 
by  2000  include  Speedway,  Danville,  Franklin,  Winchester,  Muncie, 
Princeton,  Scottsburg,  Sullivan,  Hartford  City,  and  Portland  in 
Indiana,  and  Marshall,  Newton,  Mattoon,  and  Champaign- Urbana  in 
Illinois . 

Water  Quality  Control  Problems 

Major  problem  areas  in  the  Wabash  River  Basin,  where  present 
critical  low  summer  flows  are  not  sufficient  to  assimilate  residual 
organics  remaining  after  adequate  treatment  when  discharged  to  the 
stream,  include  reaches  of  the  West  Fork  White  River  below 
Anderson,  Muncie  and  Indianapolis,  Indiana,  Wildcat  Creek  below 
Kokcmo,  Indiana,  Mississinewa  River  below  Marion,  Indiana,  and  the 
Vermilion  River  below  Champaign-Urbana  and  Danville,  Illinois. 

Other  areas  where  problems  are  no  less  serious  but  of  lesser 
magnitude  are  in  the  West  Fork  White  River  below  Winchester,  Duck 
Creek  below  Elwood,  Cicero  Creek  below  Tipton,  Fall  Creek  below 
Lawrence  and  Ft.  Benjamin  Harrison,  Lick  Creek  below  Beech  Grove, 

Eagle  Creek  below  Speedway,  Pleasant  Run  below  Greenwood,  Big  Walnut 
Creek  below  Greencastle,  Birch  Creek  below  Brazil  and  Hawkins  Creek 
below  Washington.  In  the  East  Fork  White  River  drainage  area,  present 
problem  areas  are  the  Blue  River  below  New  Castle,  Brandywine  Creek 
below  Greenfield,  Flatrock  Creek  below  Rushville,  Sugar  Creek  below 
Franklin,  Sand  Creek  below  Greensburg,  Vernon  Fork  below  North  Vernon, 
Stucker  Fork  below  Scottsburg  and  Austin,  Salt  Creek  below  Oolitic, 
and  Clear  Creek  below  Blocmington,  Along  the  main  stem  of  the  Wabash 


J 


11-1 


River  problem  areas  are  below  Bluffton,  Huntington  and  Wabash,  Indiana. 
Along  tributary  streams  in  the  Indiana  problem  areas  exist  in  the 
Salamonie  River  below  Portland,  Lick  Creek  below  Hartford  City, 
Mississinewa  River  below  Marion,  Little  Mississinewa  River  below 
Union  City,  Tippecanoe  River  below  Warsaw,  Prairie  Creek  below 
Frankfort,  Sugar  Creek  below  Crawf ordsville , Prairie  Creek  below 
Lebanon,  Patoka  River  below  Jasper  and  Huntingburg,  and  McCarty 
Ditch  below  Princeton.  Along  streams  tributary  to  the  Wabash  River 
in  Illinois  problem  areas  exist  in  the  South  Fork  Vermilion  River 
below  Rantoul,  Sugar  Creek  below  Paris,  Lamotte  Creek  below  Robinson, 
Kickapoo  Creek  below  Mattoon  and  Charleston,  Little  Wabash  River  below 
Effingham,  Fox  River  below  Olney,  Seminary  Creek  below  Flora  and 
Johnson  Creek  below  Fairfield. 

By  1980,  additional  problem  areas  are  projected  to  develop 
in  the  Blue  River  below  Shelbyville,  Indiana  and  East  Fork  White 
River  below  Columbus,  Indiana.  A problem  area  in  the  Wabash  River 
below  Peru,  Indiana,  projected  to  occur  by  2000  will  be  eliminated  by 
completion  of  Federal  multipurpose  reservoirs  on  the  Salamonie  and 
Mississinewa  Rivers. 

Stream  quality  problems  resulting  from  mine  drainage  exist 
in  the  lower  Patoka  River  and  Busseron  Creek  in  Indiana  and  Sugar 
Creek  in  Illinois. 

Chloride  problem  areas  resulting  frcm  the  discharge  of 
oil  field  brines  to  streams  exist  in  the  lower  Patoka  and 
Embarrass  Rivers  at  scattered  points  in  the  Little  Wabash  River 
and  on  Big  Creek  in  Indiana  and  Bonpas  Creek  in  Illinois . 


II 


DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 


The  Wabash  River  Basin  extends  from  Champaign,  Illinois, 
on  the  vest  to  approximately  the  eastern  boundary  of  the  State 
of  Indiana  and  from  the  Ohio  River  on  the  south  to  as 
far  north  as  Fort  Wayne,  Indiana,  approximately  200  miles  in 
each  direction.  The  total  drainage  area  of  the  basin  is  33,100 
square  miles  and  includes  all  or  parts  of  the  101  counties  listed 
in  Table  1. 

The  following  tabulation  shows  the  distribution  of  the 
Wabash  River  drainage  area  by  State: 


Area  in  Percent  of  Total  State 


State 

Wabash 

Basin 

Area  in  Wabash  Basin 

Indiana 

21,200 

sq.  mi. 

66.9 

Illinois 

8,560 

M If 

15-3 

Chio 

320 

IT  11 

0.8 

The  headwaters  of  the  Wabash  River  are  in  Ohio  near  Celina. 
Part  of  the  original  headwater  area  lies  within  the  Grand  Reservoir 
(Lake  St.  Marys).  The  main  stream  flows  from  its  headwaters  in  a 
northwesterly  direction  into  Indiana,  then  across  the  upper  third 
of  Indiana  and  turns  south  to  form  the  border  between  Indiana  and 
Illinois  near  Terre  Haute.  It  enters  the  Ohio  River  above 
Shavneetcwn,  Illinois,  133  miles  upstream  of  its  mouth  and  81+8 
miles  below  Pittsburgh,  Pennsylvania. 

The  main  tributaries  comprising  the  Wabash  River  Basin 
system  are  shown  in  Table  2. 

Physical  Features 

The  upper  part  of  the  basin  lies  almost  wholly  within  the 
State  of  Indiana  except  for  a small  portion  within  the  State  of 
Chio.  The  central  and  lower  portions  are  located  in  the  States 
of  Indiana  and  Illinois. 
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The  topography  is  fir t to  gently  rolling  in  the  northern 
half  and  southwestern  po.  f the  basin  with  the  Wabash  low- 

lands occupying  the  extreme  ;ot  tern  portion.  The  south- 
eastern portion  varies  from  high  1 . or  rolling  uplands  to  hilly- 
terrain. 

All  of  the  Wabash  River  Basin  is  underlain  with  thousands  of 
feet  of  Paleozoic  sandstones,  limestones,  and  shales.  Glaciation 
has  had  a significant  influence  upon  the  landscape  in  modifying 
the  land  surface,  providing  extensive  areas  of  nearly  level 
plains  and  reducing  the  relief  of  the  region  through  valley  filling, 
even  in  those  sections  where  glacial  deposits  did  not  completely 
cover  the  rock  surface.  In  addition  to  establishing  the  land 
surface  essentially  as  it  is  today,  glacial  deposition  provided 
the  parent  material  for  productive  loam  soils,  provided  vast 
deposits  of  sand  and  gravel,  and  within  buried  stream  valleys 
that  were  filled  with  porous  sand  and  gravel  provided  extensive 
ground  water  resources. 

In  its  course  from  the  headwaters  to  the  mouth,  the  Wabash 
River  main  stem  falls  at  an  average  slope  of  1.1  feet  per  mile. 

The  upper  portion  from  Bluffton  downstream  to  Lockport  has  a 
gradient  of  2.6  feet  per  mile,  while  the  reach  from  Lockport  to 
the  mouth  has  an  average  gradient  of  0.68  feet  per  mile. 

The  Vest  Fork  of  the  Waite  River  has  a somewhat  steeper 
gradient  of  4.8  feet  per  mile  throughout  its  length  from  Selma 
to  its  confluence  with  the  East  Fork.  The  East  Fork  of  the 
White  River  averages  about  0-92  feet  per  mile  from  Columbus  to 
its  confluence  with  the  West  Fork. 

The  Qnbarrass  River  located  in  Illinois  in  the  southwestern 
part  of  the  basin  has  a gradient  of  about  1.4  feet  per  mile  from 
Villa  Grove  to  the  confluence  with  the  Wabash  River. 

A few  lakes  formed  as  a result  of  the  disruption  of 
drainage  by  glaciation  are  located  in  northern  basin  counties  in 
Indiana. 

Climate 

The  mean  annual  precipitation  varies  from  about  36  inches 
in  the  northern  part  of  the  basin  to  about  40  inches  in  the  central 
and  44  inches  in  the  extreme  southern  portion.  July  rainfall 
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averages  about  the  sane  in  all  areas.  The  greater  precipitation 
in  the  south  compared  with  the  north  comes  in  the  winter  months. 
Southern  Indiana  has  the  greatest  rainfall  in  March  and  least  in 
October.  The  wettest  month  in  northern  and  central  Indiana  is 
June  and  the  driest  is  February. 

Annual  precipitation  is  usually  adequate  but  an  uneven 
distribution  within  the  year  occasionally  limits  crops  and  ground 
water  supplies.  A drought  occasionally  occurs  in  the  summer  when 
evaporation  is  highest  and  dependence  on  rainfall  is  greatest  for 
crops.  Average  annual  temperatures  range  from  a minimum  of  about 
22°F  in  January  to  90°F  maximum  in  July. 

Principal  Communities  and  Industries 

Agriculture  is  important  in  the  economy  of  the  basin.  The 
northern  portion  of  the  basin  is  in  what  is  commonly  called  the 
"corn  belt."  A prosperous  agricultural  economy  based  on  com, 
soy  beans,  and  stock  raising  is  established  in  this  area.  Truck 
farming  is  locally  important  and  is  associated  with  nearby  canning 
plants.  These  operations  are  somewhat  dispersed  in  the  basin, 
with  the  greatest  concentration  in  the  headwater  areas  of  the 
Wabash  and  White  Rivers. 

In  the  southern  counties,  due  to  a generally  rugged  terrain 
and  thin  soil  cover,  more  of  the  acreage  is  given  over  to  woodland 
and  other  less  intensive  agricultural  development. 

Coal  production  is  locally  important  in  portions  of  south- 
west and  vast-central  Indiana  and  in  an  east-central  portion  of 
Illinois  near  Danville.  Crude  oil  production  in  southeast 
Illinois  in  the  Little  Vabash  and  Embarrass  River  Basin 
areas  of  south-west  Indiana  is  locally  significant. 

Manufacturing  industry  is  vridely  diversified  as  to  type 
and  location.  Generally,  the  northern  and  northeastern  headwater 
portions  of  the  basin  have  the  greatest  industrial  and  urban 
development.  Of  the  31  principal  communities  of  over  10,000 
population,  23  are  on,  or  northeast  of,  a northwest  to  southeast 
axis  running  through  Champaign,  Illinois,  and  Columbus,  Indiana. 

This  axis  divides  the  area  in  tvo  approximately  equal  portions. 

The  well-developed  agricultural  economy  supports  a signifi- 
cant and  dispersed  canning  industry  in  Indianapolis.  Pharmaceuticals 
are  important  in  Indianapolis,  Terre  Haute,  and  Lafayette,  Indiana. 


Pulp  and  paper  product  plants  are  important  at  Carthage  in  the 
East  Fork,  of  White  River  Basin,  at  Terre  Haute  and  Vincennes, 
Indiana.  Electrical  machinery,  transportation  equipment,  and 
metal  fabrication  industries  are  significant  ir  "iany  of  the  large 
and  moderate  sized  communities  of  the  basin. 

Listed  in  Table  3 are  some  of  the  principal  cities  and 
their  populations  from  1910  to  i960. 
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Ill  WATER  RESOURCES 


Surface  Water  Resources 


Quantity 

Surface  flows  in  the  West  Fork  of  the  White  River  are 
affected,  by  reservoirs  constructed  above  Indianapolis.  Geist 
Reservoir  on  Fall  Creek  and  Morse  Reservoir  on  Cicero  Creek  are 
operated  by  the  Indianapolis  Water  Company  for  water  supply. 

In  the  upper  basin,  reservoirs  under  construction  by  the 
Corps  of  Engineers  are  located  on  the  Salamonie,  Mississinewa  and 
Wabash  Rivers  and  will  be  operated  to  control  flood  flows  in  the 
upper  Wabash  River  Basin.  In  addition,  seasonal  storage  is  being 
provided  in  the  Salamonie  and  Mississinewa  Reservoirs  for  low 
flow  regulation  during  low  flow  periods.  Reservoirs  constructed 
and  operated  by  the  Corps  of  Engineers  on  tributary  streams  in 
the  basin  are  Monroe  Reservoir  on  Salt  Creek,  Cagles  Mill  Reservoir 
on  Mill  Creek,  and  Mansfield  Reservoir  on  Raccoon  Creek.  All 
three  reservoirs  are  operated  for  flood  control  and  Monroe  and 
Mansfield  are  also  operated  for  low  flow  regulation. 

Among  future  multipurpose  reservoirs  being  considered  by 
the  Corps  o.  Engineers  are  sites  in  Indiana  on  Clifty  Creek, 

Patoka  River,  Wildcat  Creek,  Big  Pine  Creek,  Big  Blue  River, 

Flatrock  River  and  Big  Walnut  Creek,  and  in  Illinois  on  the 
Embarrass  River  and  two  sites  on  the  Little  Wabash  River.  Eagle 
Creek  reservoir  presently  under  construction  in  Marion  County, 

Indiana  is  a multipurpose  project  of  the  Indianapolis  Board  of 
Flood  Control  Commissioners. 

Larger  reservoirs  constructed  for  water  supply  storage  are 
Prairie  Creek  Reservoir,  Kokomo  Water  Works  Reservoir  on  Wildcat  Creek, 

Lake  Lemon,  Lake  Sara,  Lake  Mattoon  and  Lake  Vermilion,  serving  respectively 
the  cities  of  Muncie,  Kokomo  and  Bloomington  in  Indiana  and  Effingham, 
Mattoon  and  Danville  in  Illinois . 

Two  reservoirs,  Lake  Shafer  and  Lake  Freeman,  are  located 
on  the  Tippecanoe  River  in  the  northern  portion  of  the  basin  and 
are  operated  for  hydroelectric  power. 

'There  are  a few  natural  lakes  in  the  northern  part  of  the 
basin  which  are  primarily  used  for  recreation.  Grand  Lake 
Reservoir  in  Ohio,  constructed  as  a feeder  lake  for  the  now 
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abandoned  Ohio-Srie  Canal,  includes  the  original  headwaters  of 
the  V/abash  River.  This  lake  is  now  operated  for  recreation  by 
the  State  of  CXiio.  There  are  also  many  lakes  in  the  remaining 
portions  of  the  basin  constructed  for  recreational  use. 

Table  4 shows  pertinent  data  regarding  lakes  and  impound- 
ments in  the  basin. 

1 -L 

Base  streamf lows-" in  the  '-.'abash  Basin  are  highly  variable 
because  of  the  geologic  diversity  of  the  area.  Presence  or 
absence  of  morainal  deposits,  soil  permeability  above  till 
deposits,  valley  alluvium  and,  in  the  southern  portions,  storage 
in  creviced  limestone  greatly  affect  low  flows.  Streams  with 
good  low  flow  characteristics  (over  0.1  cfs  per  square  mile  at 
90  percent  flow  duration)  include  the  Tippecanoe  River,  the 
Bel  River  of  the  North,  the  Vest  Fork  of  White  River,  and  upper 
portions  of  the  East  Fork  of  White  River.  All  of  these  streams 
are  in  the  more  heavily  glaciated  northern  areas.  The  upper  and 
middle  Wabash  River  also  have  low  flow  characteristics  in  this 
range.  Streams  with  moderate  low  flow  characteristics  (0.05  to 
0.10  cfs  per  square  mile  at  90  percent  flow  duration)  include 
the  Eel  River  of  the  South,  the  Salamonie  and  Mississinewa 
Rivers,  and  Sugar  Creek.  Streams  with  poor  low  flow'  character- 
istics (below  0.05  cfs  per  square  mile  at  90  percent  flow 
duration)  include  Eagle  and  Raccoon  Creeks,  and  the  ’‘uscatatuck, 
Little  V/abash,  Patoka,  Qnbarrass,  and  Vermilion  Rivers.  Table  5 
shows  stream  data  excerpted  from  hydrology  data  prepared  by  the 
Corps  of  Engineers .‘J 

Quality 

Surface  waters  in  the  basin  are  primarily  hard  waters  of 
the  calcium-magnesium  bicarbonate  type,  generally  ranging  from 
200  to  400  mg/l  in  the  glaciated  areas  and  from  100  to  300  rag/l 
in  the  nonglaciated  areas.  Natural  variations  in  quality  occur 
as  the  percentage  of  softer  surface  runoff  to  ground  water 
contribution  in  streams  vary.  Quality  changes  are  also  a result 
of  domestic  and  industrial  wastes  below'  the  larger  population 
centers  and  downstream  from  smaller  communities  in  stream  reaches 
where  low  flows  are  insufficient  to  assimilate  wastes. 

1 / Flow  duration  data  is  reported  on  plate  20  of  Appendix  E 
Ground-Water  Distribution  and  Potential  in  the  Ohio  River 
Basin,  Ohio  River  Basin  Comprehensive  Survey. 

2/  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River 
Basin  Comprehensive  Survey. 
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Mine  drainage  is  a factor  in  the  lover  Patoka  River  and 
in  Busseron  Creek  and  some  other  small  streams.  Oil  field 
wastes  affect  water  quality  in  portions  of  the  Embarrass,  Patoka, 
and  Little  Wabash  Rivers  as  well  as  in  some  small  streams  in  oil 
producing  areas. 

Ground  Water  Resources 


Quantity 

Ground  water  resources  have  been  reported  by  the  U.  S. 
Geological  SurveyV  and  the  following  discussion  has  been  condensed 
from  their  report. 

Large  supplies  of  ground  water  are  available  for  further 
development  in  the  basin,  with  excellent  sources  located  in  most 
parts  of  the  basin  except  for  about  13,000  square  miles  south  of 
the  limit  of  Wisconsin  glaciation.  Hie  distribution  of  ground 
water  favors  the  northeastern  part  of  the  basin  which  has  good 
aquifers  in  both  unconsolidated  sediments  and  bedrock  formations. 

Important  supplies  of  ground  water  are  available  in 
outwash  deposits  in  the  Tippecanoe  River  Valley  and  in  the  Wabash 
River  Valley  from  near  Fort  Wayne  to  the  confluence  of  the  Wabash 
River  with  the  Chio  River.  In  the  White  River  subbasin,  important 
supplies  of  ground  water  are  also  available  for  development  in 
the  upper  West  Fork  of  the  White  River  and  East  Fork  of  the  White 
River  and  in  the  valley  of  the  White  River,  preglacial  valley 

of  the  ancient  Teays  River,  contains  thick  deposits  of  sand  and 
gravel  and  is  a good  source  of  water,  in  certain  areas. 


The  sources  of  ground  water  listed  above  can  generally  be 
expected  to  yield  in  excess  of  100  gallons  per  minute  (gpm)  and 
in  some  areas  as  much  as  1,500  gpm.  In  addition  over  much  of 
the  northern  half  of  the  basin,  lenses  of  saturated  sand  and 
gravel  interbedded  with  the  much  less  permeable  till  vtre  deposited. 
These  lenses  are  not  as  thick  as  the  major  aquifers  previously 
discussed  and  are  not  as  readily  recharged.  Many  veils  tapping 
these  deposits  yield  20  to  100  g pm. 

The  principal  sources  of  ground  water  in  bedrock  include 
extensive  limestone  formations  particularly  in  the  northeastern 
part  of  the  basin. 


1 / Ground-Water  Distribution  and  Potential  in  the  Ohio  River 
Basin,  Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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Fracture  zones  and  solution  channels  containing  water  are 
common  in  the  shallow  strata.  Most  of  the  wells  tapping  these 
strata  in  the  upper  300  feet  yield  from  150  to  5 00  gpm. 

Quality 


Water  from  both  the  unconsolidated  glacial  deposits  and 
from  bedrock  formations  is  very  hard,  generally  in  the  range  of 
250  to  500  mg/l.  Total  dissolved  solids  are  in  the  moderately 
high  range  of  300  to  600  mg/l.  Chlorides  are  typically  in  a low 
range,  below  25  mg/l.  Iron  is  often  in  the  range  of  1 to  3 mg/l 
which  makes  treatment  for  iron  removal  desirable  in  domestic 
supplies.  Sulfates  generally  range  be lav;  100  mg/l.  An  exception 
to  the  general  water  quality  is  an  area  in  the  far  northeast 
portion  of  the  basin  where  bedrock,  limestone  and  dolomite 
deposits  yield  waters  with  a sulfate  content  often  above  the 
Public  Health  Service  Drinking  Water  Standards  of  250  rag/l  and 
total  solids  above  500  mg/l. 


IV  THE  ECONOMY 


The  Projective  Economic  Study  divided  the  Wabash  River 
Basin  Into  Subarea  Q,  the  White  and  Subarea  R,  the  Wabash. 

Tiie  White  subarea  is  nearly  coextensive  with  the  watershed  of 
the  White  River  subbasin  in  Indiana  and  the  Wabash  subarea  is 
roughly  coextensive  with  the  rest  of  the  watershed  of  the 
Wabash  River  in  Indiana  and  Illinois.  To  facilitate  estimates 
of  future  water  requirements  and  waste  loads,  the  'White 
Subarea  Q was  divided  into  four  minor  areas  and  the  Wabash 
Subarea  R was  divided  into  six  subareas. 

In  Subarea  Q,  minor  area  Q-l  includes  the  nine  counties 
encompassing  the  drainage  area  of  the  lower  portion  of  the  'West 
Fork  of  the  White  River  and  the  main  stem  White  River  and  the 
lower  Wabash  main  stem  drainage  in  Indiana  including  most  of  the 
Patoka  River  subbasin,  a tributary  of  the  Wabash  River.  Minor 
area  Q-2  includes  twelve  counties  that  roughly  describe  the 
East  Fork  of  the  White  River  drainage  area  excepting  the  head- 
water region  of  the  Driftwood  River,  an  East  Fork  tributary. 

Minor  area  Q-3  includes  eight  counties  centered  on  Indianapolis, 
Indiana,  and  includes  the  middle  portion  of  the  East  Fork  drainage 
area  and  the  headwater  of  the  Dri^w'ood  River.  Minor  area  Q-4 
includes  the  four  counties  encompassing  the  headwater  of  the 
East  Fork  of  the  White  River. 

In  Subarea  R,  minor  area  R-l  includes  eleven  counties 
in  Illinois,  encompassing  roughly  the  lower  portion  of  the 
Qnbarrass  River  and  Wabash  River  main  stem  drainage  areas . 

Minor  area  R-2  includes  three  Illinois  counties  and  three  Indiana 
counties  roughly  encompassing  the  lower  portion  of  the  central 
Wabash  River  main  stem  drainage  area.  Minor  area  R-3  includes 
four  counties  in  Illinois  which  roughly  encompasses  the  upper 
Embarrass  River  drainage  area  and  the  Vermilion  River  drainage 
area.  Minor  area  R-4  includes  twelve  counties  in  Indiana  which 
roughly  encompasses  the  upper  portion  of  the  central  Wabash 
River  drainage  area.  Minor  area  R-5  includes  six  counties  in 
Indiana  which  roughly  encompasses  the  lower  portion  of  the  head- 
water region  of  the  Wabash  River.  Minor  area  R-6  includes  four 
counties  in  Indiana  roughly  encompassing  the  headwater  region  of 
the  Wabash  River.  Shown  in  Tables  6 and  7 is  a complete  listing 
of  the  counties  included  in  each  minor  area.  The  boundaries  of 
the  minor  areas  are  shown  on  Figure  11-1,  page  11-48. 
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Economic  Profiles  - Su. area  Q 


Minor  Area  Q-l 

The  i960  population  in  minor  area  Q-l  wa6  225,200  with 
37  percent  classified  as  urban.  Average  personal  per  capita 
income  amounted  to  $1,483  compared  to  $1,832  in  the  State  of 
Indiana.  Two  larger  cities  are  located  in  this  minor  area, 
Washington  and  Vincennes,  with  populations  of  10,800  and  18,000 
respectively. 

Manufacturing  is  the  most  important  employment  category. 
Establishments  employing  100  workers  or  more  increased  from  36 
in  1958  to  4l  in  1964.  The  most  important  industries  are 
machinery  (including  electrical  machinery),  furniture  and  wood 
products,  other  durables,  and  food  processing.  The  three  thermal 
power  generating  plants  located  in  the  area  have  a total  capacity 
of  186.5  megawatts.  A new  plant  scheduled  to  be  operative  in 
1967  will  have  a capacity  of  220  megawatts. 

Agriculture  is  the  second  most  important  employment 
category.  However,  employment  decreased  from  17,300  in  1950  to 
11,100  in  i960.  Land  in  farms  decreased  67,000  acres  from  1954 
to  1959.  Nevertheless,  the  total  value  of  farm  products  sold 
increased  from  $73*9  million  in  1954  to  $89-7  million  in  1959- 
Fifty-five  percent  of  the  latter  figure  was  accounted  for  by 
livestock  products.  In  1959,  about  1,200  acres  were  irrigated. 

Coal  and  oil  extraction  are  the  most  inport ant  mining 
activities.  In  i960,  5.6  million  tons  of  coal  and  an  estimated 
3.1  million  barrels  of  crude  oil  were  produced,  representing 
36.5  percent  and  25  percent,  respectively,  of  the  totals  produced 
in  Indiana. 

Minor  Area  Q-2 

The  i960  population  in  minor  area  Q-2  was  299,200,  39 
percent  classified  as  urban.  Average  personal  per  capita  income 
was  $1,577  compared  to  $1,832  for  the  State.  Four  larger  cities 
are  located  in  the  area,  Bloomington,  Columbus,  Bedford,  and 
Seymour,  with  populations  of  31,400,  20,800,  13,000,  and  11,600 
respectively. 

Manufacturing  is  the  most  important  employment  category 
in  this  area.  Establishments  employing  100  or  more  workers 
increased  from  65  in  1958  to  73  in  1964.  The  most  important 
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Minor  Area  Q-4 

The  population  of  minor  area  Q-4  was  314,000  in  I960,  35-2 
percent  of  which  lived  in  Delaware  County,  which  is  designated 
the  Muncie  Standard  Metropolitan  Statistical  Area.  Average 
personal  per  capita  income  was  $1,860  compared  to  $1,832  for  the 
State.  Four  larger  cities  are  located  in  the  area,  Muncie, 

Anderson,  New  Castle,  and  Elwood,  with  populations  of  68,600, 

49,100,  20,300,  and  11,800  respectively. 

Manufacturing  is  the  most  important  employment  category. 

The  most  significant  change  in  establishments  employing  100  or 
more  workers  has  been  a shift  from  smaller  plants  to  larger  ones. 

In  1964,  there  were  63  plants  employing  100  or  more  employees. 

The  most  important  industries  are  machinery  (including  electrical 
machinery),  motor  vehicles,  other  durables,  and  primary  metals. 

One  small  thermal  power  generating  plant  is  located  in  the  area 
with  a 10  megawatt  capacity. 

Agricultural  employment  decreased  from  9,200  in  1950  to 
6,400  in  i960.  Daring  the  period  1954-1959*  16,000  acres  were 
taken  out  of  farm  production,  but  the  value  of  farm  products  sold 
has  remained  at  about  the  1959  figure  of  $50.4  million,  56  percent 
of  which  is  accounted  for  by  livestock  products . In  1959*  less 
than  300  acres  were  irrigated. 

Mining  activity  is  mainly  confined  to  the  extraction  of 
stone,  sand,  and  gravel. 

Projected  Population  and  Industrial  Activity 

The  White  subarea  population  is  projected  to  increase  from 
1.8  million  in  i960  to  4.1  million  by  2020.  In  i960,  the  subarea 
contained  9.4  percent  of  the  total  Cfoio  River  Basin  population. 

It  is  projected  to  contain  11.8  percent  of  the  total  Ohio  River 
Basin  population  by  the  year  2020. 

Table  6 shows  the  i960  and  projected  population  for  minor 
areas  Q-l,  Q-2,  Q-3.  and  Q-4  as  well  as  the  totals  for  Subarea  Q. 

According  to  the  Projective  Economic  Study,  agricultural 
output  is  projected  to  increase  from  $380.7  million  in  i960  to 
$549.1  million  by  2010:  mining  output  is  projected  to  increase 
from  $115.1  million  in  i960  to  $889-3  million  by  2010;  and 
manufacturing  output  is  projected  to  increase  from  $5*5  billion 
in  i960  to  about  $32  billion  by  2010. 


Table  7 shows  i960  manufacturing  output,  total  employment 
and  manufacturing  employment.  Projections  to  1980,  2000  and  2020 
for  the  minor  areas  are  shown  as  indices  using  i960  as  the  base. 


Economic  Profiles  - Subarea  R 
Minor  Area  R-l 

Minor  area  R-l  is  a relatively  sparsely  settled  area, 
having  a i960  population  of  165,200  and  an  average  perse.  al  per 
capita  income  of  $1,44-1  compared  to  $2,l8l  for  the  State  of 
Illinois.  The  larger  cities  in  the  area  are  Effingham,  Olney, 
and  Mount  Carmel  with  populations  of  8,170,  8,800,  and  8,600 
respectively. 

Agriculture  is  the  most  important  employment  category. 
Although  employment  decreased  from  18,500  in  1950  to  11,300  in 
i960  and  21,000  acres  were  taken  out  of  farm  production  during 
the  period  1954-1959*  the  total  value  of  farm  products  sold 
increased  from  $63.1  million  in  1954  to  $87.1  million  in  1959* 
Fifty-six  percent  of  the  latter  figure  is  accounted  for  by  crops. 
Less  than  350  acres  were  irrigated  in  1959- 

Manufacturing  is  the  second  most  important  employment 
category.  Establishments  employing  100  or  more  workers  increased 
from  17  in  1958  to  25  in  1964.  The  most  inportant  industries  are 
other  nondurables,  machinery  (including  electrical  machinery), 
apparel  and  other  fabricated  clothing,  and  motor  vehicles.  Three 
thermal  power  generating  plants  are  located  in  the  a ?a  with  a 
total  capacity  of  43.2  megawatts  and  one  pulp  mill  is  located  in 
the  area  with  a capacity  of  25  tons  per  day. 

Crude  oil  and  natural  gas  extraction  dominate  the  mining 
industry  in  the  area.  Data  are  not  available  or.  the  county  basis, 
but  it  is  estimated  that  approximately  60  percent  o the  total 
production  (78.8  million  barrels)  in  Illinois  in  i960  originated 
in  minor  area  R-l.  Other  than  petroleum  mining,  there  was  a 
small  amount  of  extraction  of  stone,  sand,  and  gravel. 

Minor  Area  R-2 

The  i960  population  amounted  to  222,600  in  this  minor  area, 
48.6  percent  residing  ir,  Vigo  County,  Indiana,  designated  as  the 
Terre  Haute  Standard  Metropolitan  Statistical  Area.  Average 
personal  per  capita  income  amounted  to  $1,742  in  Vigo  County  and 
71,499  in  the  remaining  counties  in  Indiana  and  Illinois  compared 
to  $2,l8l  in  Illinois  and  $1,832  in  Indiana. 
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Manufacturing  is  the  most  important  employment  category. 
Establishments  employing  100  or  more  workers  increased  from  39 
in  1958  to  46  in  1964.  The  most  important  industries  are  food 
processing,  machinery  (including  electrical  machinery),  other 
nondurables,  and  chemicals  and  allied  products.  There  are  seven 
thermal  power  generating  plants  located  in  the  area  with  a total 
capacity  of  1,471.1  megawatts  and  one  addition  scheduled  for  1968 
with  a capacity  of  318  megawatts.  There  is  one  pulp  mill  in  the 
minor  area  with  a capacity  of  150  tons  per  day. 

Agricultural  employment  decreased  from  12,900  in  1950  to 
8,200  in  i960.  During  the  period  1954-1959*  20,000  acres  were 
taken  out  of  farm  production,  but  the  total  value  of  farm  products 
sold  increased  from  $66.6  million  to  $71*9  million,  58.3  percent 
of  the  latter  figure  is  accounted  for  by  crops.  Approximately 
1,400  acres  were  irrigated  in  1959* 

Coal  and  crude  oil  production  are  the  most  important  mining 
activities.  In  i960,  the  area  produced  3-9  million  tons  of  coal, 
equaling  25  percent  of  Indiana's  total  yearly  production  but  only 
8.5  percent  of  Illinois'  yearly  production.  County  data  on  crude 
oil  production  are  not  available,  but  the  area  is  estimated  to 
have  produced  some  11.8  million  barrels  in  i960,  or  approximately 
15  percent  of  the  total  yearly  production  in  Illinois. 


Minor  Area  R-3 

The  i960  population  in  minor  area  R-3  was  290,700,  45 • 5 
percent  residing  in  Champaign  County,  Illinois,  which  is  designated 
the  Champaign-Urbana  Standard  Metropolitan  Statistical  Area.  The 
average  personal  per  capita  income  was  $1,918  in  Champaign  County 
and  $1,718  in  the  remaining  Illinois  counties  compared  to  $2,l8l 
in  the  State  of  Illinois.  The  six  larger  cities  located  in  the 
area  are  Champaign,  Danville,  Urbana,  Rantoul,  Mattoon,  and 
Charleston,  having  populations  of  49,600,  41,900,  27,300,  22,100, 
17,500,  and  10,500  respectively. 

Manufacturing  is  the  most  important  employment  category  in 
this  area.  Establishments  with  100  workers  or  more  increased 
from  47  in  1958  to  49  in  1964.  The  most  important  industries  are 
machinery  (including  electrical  machinery),  food  processing, 
printing  and  allied  preducts,  and  primary  metals . The  five  thermal 
power  generating  plants  located  in  the  area  have  a total  capacity 
of  240.3  megawatts. 
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Agricultural  employment  declined  from  12,800  in  1950  to 
8,800  in  i960.  However,  the  total  acres  in  farm  land  increased 
12,000  in  this  area  between  1954  and  1959,  while  the  total  value 
of  farm  products  sold  remained  at  about  the  1959  level  of  $94.5 
million.  About  70  percent  of  this  figure  is  accounted  for  by 
crops.  Less  than  100  acres  were  irrigated  in  1959- 

The  area  produced  a small  amount  of  coal  and  crude  oil. 

In  i960,  1.6  million  tons  of  coal  were  extracted,  equaling  3-5 
percent  of  the  total  yearly  production  in  Illinois.  There  was 
some  oil  production  in  Coles  and  Douglas  Counties,  but  data  on 
the  county  basis  are  not  available. 

Minor  Area  R-4 

The  population  of  minor  area  R-4  was  214,300  in  i960  and 
the  average  personal  per  capita  income  in  the  minor  area  was 
$1,703  compared  to  $1,832  for  Indiana.  The  four  larger  cities 
located  in  the  area  are  Lafayette,  Logansport,  Frankfort,  and 
> Crawfordsville  with  populations  of  42,300,  21,100,  15,300,  and 

14,200  respectively. 

Manufacturing  is  the  most  important  employment  category. 
Establishments  enqploying  100  workers  or  more  have  increased 
from  40  in  1958  to  59  in  1964.  The  most  important  industries 
are  machinery  (including  electrical  machinery),  primary  metals, 
printing  and  allied  products,  and  food  processing.  There  are 
three  thermal  power  generating  plants  located  in  the  area  with 
a total  capacity  of  262.3  megawatts.  There  are  also  two  hydro- 
electric plants  located  in  the  area  with  a total  capacity  of 
17.7  megawatts. 

Agricultural  employment  declined  from  23,900  in  1950  to 
15,700  in  I960.  During  the  period  1954-1959,  the  total  land  in 
farms  remained  about  the  same,  and  the  total  value  of  farm 
products  sold  has  remained  at  the  1959  level  of  $171-9  million, 
53  percent  of  which  is  accounted  for  by  livestock  products. 

Less  than  1,200  acres  were  irrigated  in  1959- 

No  mining  employment  was  reported  for  i960. 
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Minor  Area  R-5 

The  i960  population  in  minor  area  R-5  was  277,200  and  the 
average  personal  per  capita  income  in  the  minor  area  was  $1,768 
compared  to  $1,832  for  Indiana.  The  four  larger  cities  located 
in  the  area  are  Kokomo,  Marion,  Peru,  and  Wabash,  having 
populations  of  47,200,  37 ,900,  14,500,  and  12,600  respectively. 

Manufacturing  is  the  most  important  employment  category. 
Establishments  employing  100  workers  or  over  increased  from  65 
in  1958  to  89  in  1964.  The  most  important  industries  are 
machinery  (including  electrical  machinery),  primary  metals, 
other  durables,  and  motor  vehicles.  One  thermal  power  generating 
plant,  having  a capacity  of  40  megawatts,  is  located  in  the  area. 

Agricultural  employment  has  decreased  from  14,100  in  1950 
to  8,600  in  i960.  During  the  period  1954-1959,  38,000  acres 
were  taken  out  of  farm  production,  but  the  total  value  of  farm 
products  sold  increased  from  $82.4  million  to  $84.7  million. 
Fifty-eight  percent  of  the  latter  figure  is  accounted  for  by 
crops.  Less  than  100  acres  were  irrigated  in  1959* 

Mining  activity  in  the  area  was  almost  wholly  confined  to 
stone,  sand,  and  gravel  extraction  in  i960. 

Minor  Area  R-6 

The  i960  population  in  this  minor  area  was  92,400  and  the 
average  personal  per  capita  income  was  $1,710  compared  with 
$1,832  for  Indiana.  The  largest  city  located  in  the  area  is 
Huntington,  Indiana,  with  a population  of  16,200. 

Manufacturing  is  the  most  important  employment  category, 
and  establishments  employing  100  workers  or  more  increased  from 
27  in  1958  to  38  ir.  1964.  The  most  important  industries  are 
printing  and  allied  products,  machinery  (including  electrical 
machinery),  other  durables,  and  motor  vehicles.  Two  thermal 
power  generating  plants  are  located  in  the  area  with  a total 
capacity  of  17  megawatts. 

Agricultural  employment  decreased  from  7,400  in  1950  to 
4,500  in  i960.  Between  1954  and  1959,  34,000  acres  were  taken 
out  of  farm  production,  and  the  total  value  of  farm  products  fell 
from  $39-3  million  to  $34.8  million.  About  52  percent  of  the 
latter  figure  ir  accounted  for  by  livestock  products.  Less  than 
100  acres  were  irrigated  in  1959- 


No  mining  employment  was  reported  in  i960. 

Projected  Population  and  Industrial  Activity 

Total  population  of  the  Wabash  subarea  is  projected  to 
increase  from  1.4  million  in  i960  to  2.2  million  by  the  year  2000. 
The  i960  population  accounted  for  J.2  percent  of  the  total  popu- 
lation of  the  Ohio  River  Basin,  but  the  subarea  is  projected  to 
account  for  8 percent  by  2020.  Shown  in  Table  6 are  the  i960  and 
projected  populations  for  the  minor  areas  as  well  as  the  totals 
for  Subarea  R. 

According  to  the  Projective  Economic  Study,  agricultural 
output  is  projected  to  increase  from  $633*3  million  in  i960  to 
$972.6  million  by  2010,  and  mining  output  is  expected  to  increase 
from  $163.1  million  to  $2.1$  billion  by  2010.  Manufacturing  out- 
put is  projected  to  increase  from  $3*2  billion  in  i960  to  $18.2 
billion  by  2010. 

Table  7 shows  i960  manufacturing  output,  total  employment 
and  manufacturing  employment.  Projections  to  1980,  2000,  and 
2020  for  the  minor  areas  are  shown  as  indices  using  I960  as  the 
base. 


In  addition  to  the  counties  included  in  the  White  and 
Wabash  subareas  in  the  Projective  Economic  Study,  twenty-four 
other  counties  have  land  area  within  the  basin.  These  counties 
are  listed  in  Table  8.  Some  of  these  counties  have  significant 
water  using  communities  and  significant  sources  of  pollution 
within  the  basin,  and  projections  of  their  water  needs  and 
organic  waste  loads  are  based  on  the  projections  of  the  Projective 
Economic  Study  subarea  in  which  they  are  located. 
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V WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


Present  and  Projected  Water  Use 


Approximately  2,117,000  people  are  served  by  the  347 
central  water  supply  systems  of  the  basin.  While  only  51  (or 
14.7  percent)  of  these  systems  utilize  surface  sources  of  supply, 
they  provide  64  percent  of  the  242  mgd  of  water  supplied  from 
central  sources.  The  7 largest  systems,  serving  Indianapolis, 

Mancie,  Anderson,  Terre  Haute,  Danville,  Kokomo,  and  Champaign- 
Urbana,  serve  49  percent  of  the  population  supplied  from  central 
sources  and  53  percent  of  the  centrally  supplied  water.  The 
present  municipal  and  industrial  water  use  estimates  for  the 
basin  are  listed  by  county  and  totaled  for  economic  subareas  in 
the  basin  in  Table  9- 

Based  on  projected  population  increase  and  industrial 
activity,  estimated  water  use  will  increase  in  the  Wabash  River 
Ba3in  as  shown  ^n  Table  10.  It  is  estimated  that  the  total 
municipal  and  industrial  water  requirements  in  the  basin  will 
increase  4.5  times  by  2020  with  the  increase  projected  to  over 
5-5  times  in  minor  areas  Q-l,  Q-2,  R-l  and  R-2,  to  over  4.5 
times  in  minor  areas  R-3  and  R-4,  to  over  4 times  in  minor  areas 
Q-4  and  R-6,  and  over  3*5  times  in  minor  areas  Q-3,  R-5  and  other 
areas  in  the  basin  not  included  in  the  Projective  Economic  Study 
area.  The  major  increases  will  probably  occur  in  or  about  the 
present  centers  of  population  and  industrial  activity. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10, 
the  1 day  in  30  years  low  flow  data  given  in  Table  5>  and  avail- 
ability of  ground  water  as  reported  by  the  U.  S.  Geological  -1 

Survey!'  were  used  to  arrive  at  a judgment  as  to  need  of  future  3 

development  of  sources  of  water  supply.  Shown  in  Table  11  are 
problem  areas  with  the  approximate  time  of  onset. 

In  Indiana  in  minor  area  Q-l,  the  total  water  use  is 
projected  to  increase  to  36.5  mgd  by  1980,  63*1  mgd  by  2000,  and 
to  108.1  mgd  by  2020.  Projected  needs  are  fairly  well  dispersed 
throughout  this  area  where  no  city  presently  has  over  20,000 
population.  Developable  sources  of  supply  can  meet  most  of  this 


l/-  Ground-Water  Distribution  and  Potential  in  the  Ohio  River 
Basin,  Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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TABLE  11 


WABASH  RIVER  BASIN 
Water  Supply  Problem  Areas 


Vicinity^/  Minor  Area 

Present 

i960 

2000 

Princeton 

Q-l 

X 

Jasper 

Q-l 

X 

Huntingburg 

Q-l 

X 

Linton 

Q-l 

Paoli 

Q-2 

X 

Scottsburg 

Q-2 

X 

Austin 

Q-2 

X 

Greensburg 

Q-2 

X 

Rushville 

Q-2 

X 

Indianapolis 

Q-3 

X 

Speedway 

Q-3 

X 

Danville 

Q-3 

X 

Lebanon 

Q-3 

X 

Franklin 

Q-3 

X 

Greenfield 

Q-3 

X 

Greenwood 

Q-3 

X 

Muncie 

Q-4 

X 

Anderson 

Q-4 

X 

New  Castle 

Q-4 

X 

Winchester 

Q-4 

X 

Alexandria 

Q-4 

X 

Elwood 

Q-4 

X 

Olney  2/ 

R-l 

X 

Paris  2/ 

R-2 

X 

Marshall  2] 

R-2 

X 

Sullivan 

R-2 

X 

Charleston  2/ 

R-3 

X 

Mattoon  2 / 

R-3 

X 

Newton  2 / 

R-3 

X 

Danville  2/ 

R-3 

X 

Charapaign-Urbana  2/ 

R-3 

X 

Crawfordsville 

R-4 

X 

Tipton 

R-4 

X 

Kokcmo 

R-5 

X 

Marion 

R-5 

X 

Bluffton 

R-6 

X 

Hartford  City 

r-6 

X 

Huntington 

r-6 

Portland 

r-6 

X 

t 


1/  Located  in  State  of  Indiana  unless  otherwise  noted. 
2 / State  of  Illinois 


11-21 


i 


I 


need.  Within  this  downstream  area,  the  Wabash  River,  White 
River,  East  Fork  White  River,  and  Eel  River  are  capable  of 
supplying  major  quantities  of  water.  Ground  water  yields  in 
significant  quantity  can  be  further  developed  along  these  same 
streams.  Areas  with  future  needs  above  present  supply  are  centered 
on  Jasper,  Huntingburg,  Linton,  and  Princeton.  For  Linton,  where 
additional  supply  will  be  needed  by  2020,  a pipeline  to  White 
River  is  a potential  source  of  supply,  if  needs  cannot  be  met  in 
the  local  area.  Princeton's  needs  must  be  met  by  2000  and 
alternatives  for  future  supply  include  pipelines  to  the  White 
or  Wabash  Rivers  or  improvement  of  the  Patoka  River  to  a quality 
satisfactory  for  water  supply  purposes  by  pollution  abatement 
at  upstream  points.  Jasper  and  Huntingburg,  located  in  the 
Patoka  River  subbasin,  by  1980  will  need  additional  sources  of 
supply  and  can  probably  develop  local  or  upstream  impoundments. 

As  an  alternative  to  upstream  impoundments , allocation  of  water 
supply  storage  in  Federal  reservoirs  can  meet  their  needs. 

In  Indiana  in  minor  area  Q-2,  total  water  use  projections 
are  for  64.6  mgd  by  1980,  112.1  mgd  by  2000,  and  190.4  mgd  by 
2020.  The  major  water  use  areas  will  probably  be  at  Columbus 
and  Bloomington  where  existing  surface  sources  and  present  and 
expected  ground  water  development  is  capable  of  meeting  future 
needs.  Areas  of  need  for  further  development  of  sources  of 
supply  are  Paoli,  Scottsburg,  Austin,  Greensburg,  and  RushviLLe. 

Austin  and  Paoli  have  a present  need  for  source  development 
and  future  needs  will  develop  at  Greensburg  by  1980  and  at 
Scottsburg,  and  Rushville  by  2000.  These  needs  will  probably 
have  to  be  satisfied  from  storage,  probably  by  construction  of 
local  impoundments . Consideration  should  also  be  given  to  the 
possibility  of  Austin  and  Scottsburg  future  needs  being  satisfied 
by  the  Ohio  River  or  the  glacial  and  alluvial  deposits  along  the 
Ohio  River. 

In  Indiana  in  minor  area  Q-3,  total  water  use  projections 
are  for  235.7  nigd  by  1980,  363*4  mgd  by  2000,  and  6l6.2  mgd  by 
2020.  The  area  of  greatest  need  is  the  Indianapolis  metropolitan 
area  where  by  1980  additional  supplies  will  be  needed.  Since 
this  minor  area  is  located  essentially  in  a headwater  area  and 
present  surface  supplies  are  nearly  fully  utilized  in  the  White 
River  Basin  above  Indianapolis,  significant  future  development 
of  both  ground  and  surface  water  sources  will  be  required  to  meet 
these  needs.  Perhaps,  as  increasingly  more  costly  water  supply 
sources  are  developed  and  water  becomes  more  expensive,  more 
industrial  in-plant  reuse  and  other  water  conservation 
measures  may  ta~ke  place.  This  would  result  in  the  possibility 
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of  a lower  projected  future  water  use,  even  with  the  projected 
population  growth  and  industrial  development.  Indianapolis  is 
located  in  an  area  where  ground  water  is  a significant  factor  in 
the  total  water  supply.  However,  it  is  noted  that  emphasis  has 
shifted  from  ground  water  supply  to  development  of  surface  storage. 

For  further  development  of  surface  sources,  Indianapolis  may  be 
required  to  look  to  adjacent  tributary  drainage  subbasins  and,  as 
an  alternative  to  construction  of  single-purpose  impoundments,  could 
seek  water  supply  storage  in  Federal  multipurpose  reservoirs.  In 
addition  to  Indianapolis,  source  needs  will  develop  in  the  communities 
of  Lebanon,  Greenwood  and  Greenfield  by  1980,  at  Frankiir^  Speedway, 
and  Danville  by  2000.  These  communities  are  located  immediately 
outside  the  Indianapolis  metropolitan  area.  Lebanon,  as  an 
alternative  to  ground  water  development,  could  develop  water 
supply  storage  in  local  impoundments . Franklin  located  in  the 
Driftwood  River  subbasin  and  Greenfield  in  the  Big  Blue  River 
subbasin  could  develop  local  surface  impoundments  or  as  an 
alternative  look  to  development  of  water  supply  storage  in 
1 Federal  multipurpose  reservoirs  being  studied  in  the  subbasin. 

Greenwood  probably  could  develop  additional  ground  sources  but 
may  find  within  the  study  period  that  connection  to  the 
Indianapolis  water  system  may  prove  feasible. 

In  Indiana  in  minor  area  Q-4,  which  includes  the  extreme 
headwater  areas  of  the  white  and  East  Fork  White  Rivers , total 
water  use  is  projected  to  increase  to  64.2  mgd  by  19&0,  96. 1 
mgd  by  2000,  and  121.6  mgd  by  2020.  All  of  the  larger  communities 
are  expected  to  require  significantly  more  water  supply  and  areas 
of  need  center  in  Alexandria,  Anderson  and  New  Castle  at  the  present, 
Elwood  by  19&0,  and  Winch'  ter  and  Muncie  by  2000.  Although  in  an 
area  where  ground  water  a jears  to  be  plentiful,  Muncie,  Anderson 
and  New  Castle  may  find  that  due  to  the  extensions  required  to 
develop  dependable  well  fields,  it  may  be  more  economical  to  look 
to  surface  sources  in  Federal  reservoirs  or  local  impoundments. 
Alexandria,  Elwood  and  Winchester  can  probably  meet  future  need  by 
expansion  of  ground  water  sources. 

In  Illinois  in  minor  area  R-l,  the  total  water  use  pro- 
jections are  for  27.1  mgd  by  1980,  47.4  mgd  by  2000,  and  77.2  mgd 
by  2020.  The  Wabash  River  and  Li '.tie  Wabash  River  can  supply 
a large  pant  of  this  projected  need.  The  only  area  with  significant 
source  development  needs  is  at  Olney,  Illinois.  Needs  are  immediate 
and  can  probably  be  met  from  development  of  local  impoundments  or 
storage  in  a Federal  reservoir. 
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In  minor  area  R-2,  total  water  use  projections  axe  for 
97-3  mgd  by  1980,  171*8  mgd  by  2000,  and  312  mgd  by  2020. 

Terre  Haute,  Indiana,  the  largest  city  in  the  area,  can  be 
adequately  served  by  surface  and  ground  water  sources  along  the 
Wabash  River.  At  Paris,  Illinois  by  I98O  and  Marshall,  Illinois 
and  Sullivan,  Indiana  by  2000,  additional  supply  sources  may  be 
required.  For  Marshall  and  Sullivan,  alternatives  for  future 
development  include  local  impoundments  and  a pipeline  to  the 
Wabash  River  valley  for  development  of  ground  water  or  surface 
sources.  Paris  will  probably  have  to  develop  local  impoundments. 

1 

In  Illinois  in  minor  area  R-3,  the  total  water  use  is 
projected  to  increase  to  109  mgd  by  1980,  185.9  mgd  by  2000,  and 
328.5  mgd  by  2020.  Major  water  use  areas  at  present  are 
Champaign- Urbana  and  Danville  which  use  74  percent  of  the  centrally 
supplied  water  in  the  R-3  minor  area.  Present  surface  water 
sources  will  need  to  be  supplemented  at  Danville  by  1980.  At 
Champaign-Urbana,  additional  development  of  ground  water,  perhaps 
supplemented  with  surface  supply,  will  be  necessary  by  2000. 

Lesser  points  of  need  within  this  area  where  source  of  supply 
development  will  be  required  include  Charleston  by  1980  and  Mattoon 
and  Newton  by  2000,  These  needs  can  possibly  be  supplied  from 
Federal  reservoirs. 

In  Indiana  in  minor  area  R-4,  the  total  water  use  is 
projected  to  increase  to  58.6  mgd  by  1980,  97.8  mgd  by  2000,  and 
157*7  mgd  by  2020.  Ground  v'ater  is  generally  available  in 
significant  quantities  in  this  area,  with  Logansport  the  only 
central  supply  using  surface  water.  Additional  water  supply 
potential  exists  in  the  Wabash  and  Tippecanoe  Rivers  which  have 
good  base  flow  characteristics.  Because  of  the  generally  good 
availability  of  water  supply  sources,  only  the  upstream  communities 
of  Tipton  at  present  and  Crawfords vi lie  by  l'-60  are  expected  to  have 
any  source  of  supply  development  problems.  Tipton  can  probably 
expand  its  present  ground  water  sources  to  meet  future  needs, 
while  Crawfordsville  will  need  to  develop  local  or  other  surface 
impoundments  to  meet  future  needs. 

In  Indiana  in  minor  area  R-5,  the  total  water  use  is 
projected  to  increase  to  80.9  mgd  by  I98O,  120  mgd  by  2000,  and 
167  mgd  by  2020.  Within  this  area,  the  Wabash,  Bel,  and 
Mississinewa  Rivers  have  sufficient  base  flows  for  significant 
use.  In  addition,  ground  water  supplies  are  generally  excellent. 

Marion  has  a present  need  for  source  development . The  industria  ization 
and  growth  of  Kokcrao  by  1 <0  is  expected  to  make  source  development 
required  for  its  future  growth. 
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Marion,  located  in  the  Mississinewa  River  subbasin, 
presently  using  ground  sources,  can  probably  develop  additional 
well  fields  to  meet  future  needs.  Should  Marion  elect  to  develop 
surface  supplies,  storage  in  local  impoundments  or  reallocation 
of  storage  in  Federal  reservoirs  in  adjacent  watershed  areas  can 
meet  these  needs. 

Kokcmo,  located  on  Wildcat  Creek,  a tributary  of .the 
Wabash  River,  at  present  uses  both  surface  and  ground  water 
sources  for  supply.  Expansion  of  ground  water  sources  will 
probably  have  to  be  in  bedrock  aquifers  as  the  unconsolidated 
materials  in  the  area  are  not  considered  reliable  sources  of 
water.  Development  of  additional  surface  sources  will  probably 
involve  local  impoundments  on  adjacent  tributary  streams  or 
possibly  reallocation  of  storage  in  a Federal  reservoir  in  a 
nearby  drainage  area. 

In  Indiana  in  minor  area  R-6,  the  total  water  use  is 
projected  to  increase  to  15.4  mgd  by  i960,  2 6 mgd  by  2000,  and 
35.2  mgd  by  2020.  This  is  the  headwater  area  of  the  Wabash 
River  and  the  surface  water  potential  is  limited.  However, 
ground  water  is  generally  relatively  abundant.  Additional  source 
of  supply  development  is  required  by  Bluffton  at  present  and  is 
also  expected  to  be  required  near  the  end  of  the  study  period  at 
Hartford  City  and  Portland  by  2000  and  Huntington  Dy  2020. 

Bluffton,  Hartford  City  and  Portland  presently  depend  on  ground 
sources  for  supply.  Availability  of  ground  water  in  unconsolidated 
sediments  and  in  bedrock  appear  to  be  adequate  to  meet  future  needs. 
Huntington  at  the  present  relies  on  combined  ground  and  surface 
sources  for  water  supply.  Adequate  supplies  of  ground  water  appear 
to  be  available  in  both  the  unconsolidated  sediments  and  in  the 
bedrock  formations.  Should  Huntington  elect  to  develop  its 
surface  supply  further,  its  close  proximity  to  the  Huntington 
Reservoir,  a Federal  multipurpose  project,  can  meet  this  need. 

In  addition  to  the  communities  within  the  counties  included 
in  the  ten  economic  subareas,  a number  of  communities  are 
physically  in  the  Wabash  Basin  but  included  in  other  econcmic 
subareas.  No  major  unmet  needs  are  evident  for  these  communities . 
The  largest  such  community  is  Celina,  Ohio,  whose  present  source 
of  supply,  Grand  Lake,  should  be  auequate  for  future  needs. 
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Present  and  Projected  Waste  Loads 

Present  waste  loads  generated  are  shown  in  Table  12.  In  the 
basin  as  a whole,  organic  waste  loads  from  municipal  and  industrial 
waste  sources  are  approximately  equal.  The  metropolitan 
Indianapolis  area  and  the  surrounding  counties  designated  as 
the  Q-3  minor  area  account  for  about  one-third  of  the  domestic 
find  commercial  and  almost  one-half  of  the  industrial  organic 
load  of  the  entire  Wabash  Basin. 

In  all  minor  areas,  except  Q-3,  R-2,  and  R-5,  the 
industrial  organic  waste  loading  is  in  the  general  range  of 
50  to  75  percent  of  the  domestic  and  commercial  loading.  In 
the  Q-3  minor  area,  meat  packing,  pharmaceutical,  and  paper  plant 
wastes  in  Indianapolis  are  responsible  for  much  of  the  industrial 
loading.  In  minor  area  R-2,  paper  plant,  canning,  and  pharma- 
ceutical wastes  at  Terre  Haute  are  responsible  for  a relatively 
high  ratio  of  industrial  to  domestic  wastes.  In  minor  area  R-5, 
paper  and  acoustical  tile  plants  constitute  relatively  large 
loadings  in  Wabash  County  which  result  in  a larger  industrial 
than  domestic  waste  loading. 

Shown  in  Table  13  are  the  present  and  projected  waste  loads 
generated  for  the  minor  areas.  Total  organic  waste  loadings  are 

projected  to  increase  by  a factor  of  almost  four  by  2020. 

Within  individual  minor  areas,  increases  range  from  fivefold  in 
Q-2,  R-l  and  R-2,  down  to  three  and  one-half  in  0-4,  R-3,  and 

R-5. 

Water  Quality  Control  Problems 

Listed  in  Table  14  are  the  more  critical  areas  and  the 
approximate  beginning  date  of  the  need  for  stream  regulation  for 
quality  control  or  other  appropriate  measures  for  quality  control. 
Secondary  treatment  or  equivalent  reduction  of  wastes  is  assumed 
in  all  cases  prior  to  discharge  to  the  stream. 

Water  quality  control  problems  exist  on  many  1:  the  major 
and  minor  streams  in  the  ba^in  from  present  organic  waste  loading 

remaining  after  treatment. 
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WABASH  RIVER  BASIN 

Present  and  Projected  Water  uality  Control 


Stream 

Vicinityj;/ 

Economic 

Area 

Approx  in  a' 
Present 

West  Fork  White  River 

Main  Stem  Winchester 

Q-4 

X 

II  II 

Muncie 

Q-4 

X 

II  II 

Anderson 

Q-4 

X 

f»  V 

Indianapolis 

Q-3 

X 

Fall  Creek 

Lawrence 

Q-3 

X 

ii  ii 

Ft.  Benjamin 

X 

Lick  Creek 

Harrison 
Beech  Grove 

Q-3 

X 

Eagle  Creek 

Speedway 

Q-3 

X 

Duck  Creek 

Elwood 

Q-4 

X 

Cicero  Creek 

Tipton 

R-4 

X 

Pleasant  Run 

Greenwood 

Q-3 

X 

Eel  River-Big 

Greencastle 

. -1 

X 

Walnut  Fork 

Eel  River-Birch 

Brazil 

Q-l 

X 

Creek 

Hawkins  Creek 

Washington 

Q-l 

X 

East  Fork  White  River 

Blue  River  New  Castle 

C-4 

X 

Shelbyville 

Q-3 

Brandywine  Creek 

Greenfield 

Q-3 

X 

Flatrock  Creek 

Rushville 

Q-2 

X 

Young's  Creek 

Franklin 

Q-3 

X 

Main  Stem 

Columbus 

Q-2 

Sand  Creek 

Greensburg 

Q-2 

X 

Vernon  Fork 

North  Vernon 

0-2 

X 

Stuckers  Fork 

Scottsburg 

Q-2 

X 

II  •' 

Austin 

Q-2 

X 

Salt  Creek 

Oolitic 

Q-2 

X 

Clear  Creek 

Blocmington 

Q-2 

X 

Wabash  River 

Main  Stem 

Bluffton 

R-6 

X 

If  II 

Huntington 

R-6 

X 

II  II 

Wabash 

R-5 

X 

II  It 

Peru 

R-5 

Salamonie  River 

Portland 

r-6 

X 

Lick  Creek 

Hartford  City 

r-6 

X 

Mississinewa  R. 

Marion 

R-5 

X 

L.Mississinewa  R 

. Union  City 

q-4 

X 

Tippecanoe  River 

Warsaw 

R-5 

X 

Wildcat  Creek 

Kokomo 

R-5 

X 

Prairie  Creek 

Frankfort 

R-4 

X 

Salt  Fork- 

Rantoul  2] 

R-3 

X 

Vermilion  River 

West  Branch- 

Champaign- 

R-3 

X 

Vermilion  River 
Vermilion  River 

Urbana  2 / 
Danville  2 / 

R-? 

X 

Sugar  Creek 

Crawfordsville 

R-4 

X 

Prairie  Creek 

Lebanon 

Q-3 

X 

Sugar  Creek 

Paris  2/ 

R-2 

X 

Lanotte  Creek 

Robinson  2 / 
Mattoon  J 

R-2 

X 

Kickapoo  Creek 

R-3 

X 

It  II 

Charleston  £/ 

R-3 

X 

Patoka  River 

Jasper 

Q-l 

X 

u n 

Huntingburp 

Q-l 

X 

McCarty  Ditch 

Princeton 

Q-l 

X 

L. Wabash  River 

Effingham  2 / 

R-l 

X 

Fox  River 

Olney  2/ 

R-l 

X 

Seminary  Creek 

Flora  J 

R-l 

X 

Johnson  Creek 

Fairfield  _J 

R-l 

X 

1 J Located  in  State  of  Indiana  unless  otherwise  noted. 
2/  State  of  Illinois. 


Problem  Areas 
,e  Beginning  Cate 

.,-co  : x>c  .. i 


x 
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Among  the  major  water  quality  problem  areas  is  the  West 
Fork  of  the  White  River  below  Indianapolis.  Design  summer  low 
flows  of  105  cfs  (not  including  return  flows  from  Indianapolis) 
are  not  capable  of  assimilating  present  residual  organic  waste 
loads  without  degradation  of  the  stream.  Assuming  secondary 
treatment,  total  summer  flows  in  the  order  of  800  cfs  at  present, 

1,100  cfs  by  I960,  1,500  cfs  by  2000,  and  2,000  cfs  by  2020  are 
needed.  However,  storage  for  the  purpose  of  regulation  of  stream- 
flow  for  water  quality  control  after  secondary  treatment  of  the 
organic  constituents  of  wastes  appears  to  be  only  a partial 
solution  in  the  main  stem  below  Indianapolis  as  the  quantity  of 
water  required  exceeds  the  average  flow  of  the  White  River. 

Other  stream  reaches  in  the  drainage  area  of  the  West 
Fork  of  the  White  River  above  Indianapolis,  where  stream 
conditions  are  unsatisfactory,  include  the  reaches  of  the  main 
stem  below  Winchester,  Muncie  and  Anderson  and  the  tributary 
streams  of  Cicero  Creek  below  Tipton  and  Duck  Creek  below 
Elwood.  Design  flow  in  the  main  stem  below  Winchester  is  very- 
low  and  flows  in  the  order  of  7 cfs  are  needed  at  the  present, 

increasing  to  10  cfs  by  1980,  to  15  cfs  by  2000,  and  to  20  cfs 

by  2020.  At  Muncie,  design  flow  is  in  the  order  of  2 cfs  and 
total  summer  flows  in  the  order  of  55  cfs  are  needed  at  the 
present,  increasing  to  75  cfs  by  1980,  to  100  cfs  by  2000,  and 
to  125  cfs  by  2020.  Design  flow  at  Anderson  is  about  36  cfs 
and  summer  flows  in  the  order  of  60  cfs  are  needed  at  present, 

increasing  to  65  cfs  by  19&0,  to  150  cfs  by  2000,  and  to  300  cfs 

by  2020,  providing  that  the  flow  regulation  is  added  above 
Muncie  thus  decreasing  travel  time  from  Muncie  to  Anderson. 

Since  storage  above  Muncie  in  the  quantity  required  does  not 
appear  to  be  available,  intensive  treatment  is  indicated.  If 
flows  are  not  supplied  above  Muncie,  total  flows  below  Anderson 
in  the  order  of  60  cfs  are  needed  at  present,  increasing  to 
85  cfs  by  I98O,  to  110  cfs  by  2000,  and  to  lio  cfs  by  2020. 

In  Cicero  Creek  below  Tipton,  there  is  often  no  flow  in 
the  summer  months.  Flow  in  the  order  of  10  cfs  is  needed  at  the 
present,  increasing  to  15  cfs  by  19&0>  to  16  cfs  by  2000,  and  to  22  cfs 
by  2020.  In  Duck  Creek  below  Elwood,  summer  flows  are  very  low  and 
flows  in  the  order  of  12  cfs  are  needed  at  present,  increasing  to 
20  cfs  by  I98O,  to  25  cfs  by  2000,  and  to  30  cfs  by  2020.  In  the 
tributary  basins,  it  is  doubtful  whether  storage  is  available  and 
intensive  treatment  and  holding  or  'polishing"  ponds  will  probably 
be  required  from  which  effluent  can  be  released  during  periods  of 
higher  flows. 
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In  the  West  Fork  White  River  drainage  area  below 
Indianapolis,  stream  conditions  are  unsatisfactory  in  the 
tributary  streams  of  Pleasant  Run  below  Greenwood,  Big  Walnut 
Creek  below  Greencastle,  Birch  Creek  below  Brazil  and  Hawkins 
Creek  below  Washington.  Design  flow  in  Pleasant  Run,  Birch 
Creek,  and  Hawkins  Creek  is  very  low  and  in  Big  Walnut  Creek 
the  design  flow  is  about  4 cfs.  In  Pleasant  Run  and  Big  Walnut 
Creek,  flows  in  the  order  of  10  cfs  are  needed  at  the  present, 
increasing  to  20  cfs  by  i960,  25  cfs  by  2000,  and  40  cfs  by  2020. 
In  Birch  Creek  and  Hawkins  Creek,  flows  in  the  order  of  12  cfs 
are  needed  at  present,  increasing  to  22  cfs  by  i960,  33  cfs  by 
2000,  and  U5  cfs  by  2020.  Storage  for  purpose  of  streamflow 
regulation  does  not  appear  to  be  available  above  these  communities 
and  intensive  treatment  of  wastes  is  indicated.  An  alternate 
solution  in  the  Washington  area  is  discharge  of  wastes  remaining 
after  treatment  to  a larger  body  of  receiving  water,  the  West 
Fork  of  the  White  River . 

In  the  East  Fork  White  River  subbasin,  conditions  are 
unsatisfactory  at  present  in  the  Blue  River  below  New  Castle 
where  design  flows  of  about  15  cfs  are  not  sufficient  to 
assimilate  residual  organics  discharged  to  the  stream.  Flows 
in  the  order  of  25  cfs  are  needed  at  present,  increasing  to 
35  cfs  by  1980,  50  cfs  by  2000,  and  65  cfs  by  2020.  Further 
downstream  at  Shelbyville,  design  flows  in  the  order  of  37  cfs 
will  be  sufficient  until  about  1980  to  assimilate  wastes  after 
secondary  treatment.  After  i960,  50  cfs  will  be  needed, 
increasing  to  125  cfs  by  2000  and  to  about  300  cfs  by  2020. 
Provision  of  the  aforementioned  flows  at  Shelbyville  anticipates 
the  discharge  of  treated  wastes  from  a future  treatment  plant 
serving  eastern  Marion  County. 

Stream  conditions  are  unsatisfactory  at  the  present  in 
Brandywine  Creek  below  Greenfield,  Flatrock  Creek  below  Rushville , 
Young's  Creek  below  Franklin,  Sand  Creek  below  Greensburg  arid 
Salt  Creek  below  Oolitic.  The  design  flows  in  these  streams  are 
very  low.  Flows  in  the  order  of  12  to  15  cfs  are  needed  at 
present,  increasing  to  20  cfs  by  1980,  30  cfs  by  2000,  and  35  or 
hO  cfs  by  2020.  Storage  potential  in  the  watersheds  above  these 
communities  does  not  appear  to  be  sufficient  to  meet  these  needs 
and  intensive  treatment  is  indicated. 
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Columbus,  Indiana,  is  located  where  the  Driftwood  River 
and  Flatrock  Creek  combine  to  form  the  East  Fork  White  River. 
Provided  sewage  receives  adequate  treatment,  the  design  flow  of 
76  cfs  should  be  sufficient  to  assimilate  residual  organic  wastes 
until  1980.  However,  by  2000,  total  flow  in  the  order  of  135  cfs 
will  be  needed  and  by  2020  flow  needs  will  increase  to  170  cfs. 

In  the  Muscatatuck  River  subbasin,  flow  regulation  is 
needed  at  the  present  below  North  Vernon  in  Vernon  Fork  and 
below  Austin  and  Scottsburg  in  Stackers  Fork.  The  design  flow 
in  these  streams  is  very  low.  In  order  to  maintain  satisfactory 
stream  conditions,  summer  flows  in  both  streams  in  the  order  of 
7 cfs  are  needed  at  the  present,  increasing  to  12  cfs  by  19b0, 
l8  cfs  by  2000,  and  25  cfs  by  2020.  If  these  flows  are  furnished 
in  Stuckers  Fork  at  Scottsburg,  the  needs  will  also  be  met  at 
Austin.  As  these  communities  are  located  in  the  headwater  reaches 
of  the  streams,  storage  in  the  quantity  required  does  not  appear 
to  be  available.  Intensive  treatment  is  indicated  in  connection 
with  holding  or  "polishing"  ponds  where  sewage  plant  effluent 
can  be  stored  and  released  during  periods  of  higher  flows. 

Bloomington  is  located  in  the  headwaters  region  of 
tributaries  draining  to  the  East  and  West  Forks  of  the  White 
River.  Effluent  from  the  treatment  plant  is  discharged  into 
the  West  Fork  drainage  area  by  way  of  Clear  Creek,  a tributary 
of  Salt  Creek.  Conditions  in  Clear  Creek  are  unsatisfactory  at 
present  where  there  is  very  little  low  flow.  Flows  in  the  order 
of  25  cfs  are  needed  at  the  present,  increasing  to  ^5  cfs  in 
1980,  60  cfs  by  2000,  and  80  cfs  by  2020.  Clear  Creek  joins 
Salt  Creek  below  the  Monroe  Reservoir  and  planned  releases 
frcm  this  reservoir  would  maintain  satisfactory  conditions  in 
Salt  Creek  even  if  the  sewage  plant  effluent  would  be  discharged 
directly  into  Salt  Creek,  and  the  unsatisfactory  conditions  in 
Clear  Creek  would,  therefore,  be  corrected. 

In  the  upper  Wabash  River  drainage  area,  unsatisfactory 
conditions  exist  at  the  present  in  the  Wabash  River  below 
Bluffton,  Huntington  and  Wabash,  Indiana.  Design  flow  in  the 
stream  varies  from  5 cfs  below  Bluffton,  to  9 cfs  below 
Huntington,  and  to  26  cfs  below  Wabash.  At  Bluffton,  flows  in 
the  order  of  15  cfs  are  needed  at  the  present,  increasing  to 
20  cfs  by  1980,  25  cfs  by  2000,  and  35  cfs  by  2020.  At  Huntington, 


assuming  treated  wastes  are  discharged  to  the  Wabash  River,  flows 
in  the  order  of  30  cfs  are  needed  at  present,  increasing  to  35  cfs 
by  1980,  50  cfs  by  2000,  and  70  cfs  by  2020.  These  flows  could 
probably  be  made  available  by  reallocation  of  storage  in  the 
Huntington  Reservoir  now  under  construction  on  the  Wabash  River 
above  Huntington.  At  Wabash,  flows  in  the  order  of  30  cfs  are 
needed  at  the  present  to  assimilate  adequately  treated  wastes, 
increasing  to  36  cfs  by  I98O,  50  cfs  by  2000,  and  70  cfs  by  2020. 
Planned  releases  frcm  the  Federal  multipurpose  reservoir  now  under 
construction  on  the  Salamonie  River  will  supply  the  needed  flow. 

At  Peru  by  2000,  total  flows  in  the  order  of  95  cfs  will  be 
needed,  increasing  to  125  cfs  by  2020  in  order  to  maintain 
satisfactory  stream  conditions.  Planned  releases  from  the 
previously  mentioned  Salamonie  Reservoir  and  from  a Federal 
reservoir  under  construction  on  the  Mississinewa  Reservoir  will 
supply  not  only  these  needs  but  will  maintain  satisfactory  stream 
conditions  in  the  entire  length  of  the  Wabash  River  from  Peru  to 
its  mouth. 

In  the  Salamonie  River  drainage  basin,  unsatisfactory 
stream  conditions  presently  exist  in  the  main  stem  below  Portland 
where  design  flow  in  the  stream  is  less  than  5 cfs.  Flows  in  the 
order  of  8 cfs  are  needed  at  present,  increasing  to  15  cfs  by 
1980,  20  cfs  by  2000,  and  25  cfs  by  2020.  Storage  does  not 
appear  to  be  available  above  Portland  since  it  is  in  the  headwater 
region  and  intensive  treatment  along  with  holding  ponds  lor 
storage  and  release  during  periods  of  higher  flows  appears  to 
be  indicated. 

In  the  Mississinewa  River  Basin  at  present,  stream  conditions 
are  unsatisfactory  in  Lick  Creek  below  Hartford  City  where  the 
design  flow  is  zero,  the  the  Little  Mississinewa  River  below 
Union  City  where  the  design  flow  is  zero,  and  in  the  main  stem 
below  Marion  where  the  design  flow  is  16  cfs.  In  Lick  Creek 
below  Hartford  City  and  in  the  Little  Mississinewa  River  below 
Union  City,  flows  in  the  order  of  10  cfs  are  needed  at  the 
present,  increasing  to  13  cfs  by  1980,  to  17  cfs  by  2000,  and  to 
25  cfs  by  2020.  In  the  main  stem  below  Marion,  flows  in  the 
order  of  45  cfs  are  needed  at  the  present,  increasing  to  65  cfs 
by  1080 , to  80  cfs  by  2000,  and  to  110  cfs  by  2020.  If  storage 
is  mude  available  to  meet  these  needs  at  Marion,  a solution  to 


the  problem  at  Hartford  City  could  be  to  discharge  adequate 
treated  effluent  to  the  Mississinewa  River  below  a future 
reservoir  constructed  to  regulate  flows  at  Marion.  In  the  event 
that  such  a reservoir  is  not  constructed,  intensive  treatment  is 
indicated  at  both  locations.  Since  Union  City  is  in  the  extreme 
headwater  region,  intensive  treatment  is  indicated. 

Stream  conditions  are  unsatisfactory  at  present  in  the 
Tippecanoe  River  below  Warsaw  where  the  design  flow  is  3 cfs. 

Flows  in  the  order  of  10  cfs  are  needed  at  the  present,  increasing 
to  15  cfs  by  1980,  to  20  cfs  by  2000  and  to  25  cfs  by  2020. 

Since  storage  does  not  appear  to  be  available  above  Warsaw, 
intensive  treatment  is  indicated. 

In  the  Wildcat  Creek  drainage  basin,  the  principal 
problem  area  is  Wildcat  Creek  below  Kokomo  where  the 
design  flow  is  4 cfs.  Flows  in  the  order  of  45  cfs  are 
needed  at  present,  increasing  to  60  cfs  by  1980,  to  80  cfs  by 
2000,  and  to  100  cfs  by  2020.  Another  problem  exists  at  the 
present  on  Prairie  Creek,  below  Frankfort  a tributary  of  the  South 
Branch  of  Wildcat  Creek,  where  there  is  no  low  summer  flow.  Flows 
in  the  order  of  20  cfs  are  needed  at  the  present,  increasing  to 
28  cfs  by  1980,  35  cfs  by  2000,  and  50  cfs  by  2020.  Storage  does 
not  appear  to  be  available  above  either  of  these  communities  and 
intensive  treatment  appears  to  be  indicated. 

In  the  Vermilion  River  subbasin  in  Illinois,  unsatisfactory 
stream  conditions  exist  at  the  present  in  the  Salt  Fork  below 
Rantoul,  the  West  Branch  below  Champaign-Urbana  and  in  the  main 
stem  below  Danville.  Design  flow  in  Salt  Fork  and  West  Branch 
of  the  Salt  Fork  is  less  than  5 cfs  and  in  the  Vermilion  River 
below  Danville  l4  cfs.  Flows  in  the  order  of  15  cfs  are  needed 
at  the  present  in  Salt  Fork  below  Rantoul,  increas.ug  to  25  cfs 
by  1980,  to  35  cfs  by  2000,  and  to  45  cfs  by  2020.  At  Champaign- 
Urbana  in  the  West  Branch  at  the  present,  flows  in  the  order  of 
50  cfs  are  needed,  increasing  to  75  cfs  by  1980,  to  105  cfs  by 
2000,  and  to  125  cfs  by  2020.  Since  both  of  these  communities 
are  located  in  the  headwater  region  of  the  Vermilion  River  Basin, 
storage  to  furnish  these  flews  does  not  appear  to  ' e available 
and  intensive  treatment  and  holding  ponds  appear  to  be  indicated. 
At  Danville,  flows  in  the  order  of  80  cfs  are  needed  at  the 
present,  increasing  to  115  cfs  by  1980,  to  160  cfs  by  2000,  and 
to  210  cfs  by  2020. 


In  Sugar  Creek  in  Indiana,  unsatisfactory  stream  conditions 
exist  at  present  below  Crawfordsville  on  the  main  stem  and  on 
Prairie  Creek  below  Lebanon.  In  Sugar  Creek  below  Crawfordsville, 
design  flow  is  about  5 cfs.  Flows  in  the  order  of  15  cfs  are 
needed  at  the  present,  increasing  to  30  cfs  by  1980,  to  45  cfs 
by  2000,  and  to  60  cfs  by  2020.  In  Prairie  Creek  below  Lebanon, 
design  flow  is  zero.  Flows  in  the  order  described  above  for 
Sugar  Creek  are  needed  below  Lebanon.  However,  Lebanon  is  in 
the  headwater  region  and  storage  probably  cannot  be  made  available. 
Therefore , intensive  treatment  is  indicated  including  holding  or 
"polishing"  ponds  for  storage  of  effluent  and  release  during 
periods  of  higher  flow. 

In  Sugar  Creek  in  Illinois  below  Paris,  there  is  probably 
no  streamf low  during  the  summer  months . Flows  in  the  order  of 
10  cfs  are  needed  at  present,  increasing  to  15  cfs  by  I98O,  to 
22  cfs  by  2000,  and  to  30  cfs  by  2020.  Since  Paris  is  in  the 
headwater  region,  storage  to  sustain  these  flows  is  not  available 
and  intensive  treatment  is  indicated. 

Stream  conditions  in  Lamotte  Creek  below  Robinson, 

Illinois,  are  unsatisfactory  during  low  flow  periods.  Flows  in 
the  order  of  10  cfs  are  needed  at  the  present  to  maintain 
satisfactory  stream  conditions  and  the  needs  are  estimated  to 
increase  to  18  cfs  by  1980,  to  25  cfs  by  2000,  and  to  30  cfs  by 
2020.  Since  storage  does  not  appear  to  be  available  above  this 
headwater  community,  intensive  treatment  is  indicated. 

In  the  Embarrass  River  subbasin  in  Illinois,  unsatisfactory 
stream  conditions  exist  in  Kickapoo  Creek  below  Mattoon  and 
Charleston  where  summer  flows  are  very  low'.  At  Mattoon,  flows 
in  the  order  of  20  cfs  are  needed  at  the  present,  increasing  to 
35  cfs  by  1980,  to  45  cfs  by  2000,  and  to  55  cfs  by  2020.  At 
Charleston,  flows  in  the  order  of  12  cfs  are  needed  at  present, 
increasing  to  20  cfs  by  1980,  to  25  cfs  by  2000,  and  to  30  cfs 
by  2020.  If  the  flows  could  be  supplied  at  Mattoon,  stream 
conditions  would  be  satisfactory  at  Charleston.  However,  since 
these  are  headwater  communities  it  does  not  appear  that  storage 
of  the  magnitude  required  can  be  developed  and  intensive  treatment 
is  indicated.  If  storage  were  developed  in  the  Embarrass  River 
above  Charleston,  an  alternate  to  the  problem  at  Charleston 
could  be  discharge  of  the  treated  wastes  into  the  regulated  Embarrass 
River. 
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In  the  Patoka  River  Basin,  stream  conditions  below  Jasper 
and  Huntingburg  are  unsatisfactory  at  the  present  since  design 
flow  is  zero  in  this  reach.  Flows  in  the  order  of  7 cfs  are 
needed  below  Jasper  at  the  present,  increasing  to  32  cfs  by  1980, 
to  50  cfs  by  2000,  and  to  66  cfs  by  2020.  Below  Huntingburg 
total  flows  needed  are  7 cfs  at  the  present,  increasing  to 
32  cfs  by  I960,  to  50  cfs  by  2000,  and  to  66  cfs  by  2020. 

Princeton,  also  located  in  the  Patoka  River  Basin,  presently 
discharges  sewage  treatment  plant  effluent  into  McCarthy  Ditch 
to  the  Wabash  River.  Flows  in  the  order  of  11  cfs  are  needed  at 
the  present,  increasing  to  15  cfs  by  1980,  to  26  cfs  by  2000, 
and  to  30  cfs  by  2020.  Storage  cannot  be  made  available  to 
furnish  these  flows  and  intensive  treatment  is  indicated.  An 
alternative  for  Princeton  could  be  disposal  of  treated  effluent 
to  the  Patoka  River,  if  the  flows  are  furnished  to  meet  the 
needs  at  Jasper  and  Huntingburg  upstream. 

In  the  Little  Wabash  River  Basin,  stream  conditions  are 
unsatisfactory  in  the  Little  Wabash  River  below  Effingham, 
the  Fox  River  below  Olney,  Seminary  Creek  below  Flora,  and 
Johnson  Creek  below  Fairfield.  Design  flow  is  very  low  at  all 
these  points . In  the  Little  Wabash  River  below  Effingham, 
flows  in  the  order  of  10  cfs  are  needed  at  the  present,  increasing 
to  17  cfs  by  1980,  to  24  cfs  by  2000,  and  to  35  cfs  by  2020.  In 
the  Fox  River  below  Olney,  Seminary  Creek  below  Flora,  and 
Johnson  Creek  below  Fairfield,  flows  in  the  order  of  6 cfs  are 
needed  at  the  present,  increasing  to  10  cfs  by  1980,  to  15  cfs 
by  2000,  and  to  20  cfs  by  2020.  As  all  these  communities  are  in 
the  headwater  region  of  the  streams,  storage  for  the  purpose  of 
streamflow  regulation  does  not  appear  to  be  available  and  intensive 
treatment  in  conjunction  with  holding  or  "polishing"  ponds  to 
release  effluent  during  periods  of  higher  flows  seems  to  be 
indicated. 

There  are  undoubtedly  other  small  tributaries  adversely 
affected  by  discharge  of  residual  wastes  remaining  after  secondary 
treatment,  but  it  is  beyond  the  scope  of  this  report  to  define 
them  all. 

Quality  problems  unrelated  to  population  are  heat,  chloride, 
and  acid  mine  drainage.  Along  the  West  Fork  of  the  White  River 
are  located  thermal  power  generating  plants  with  installed 
capacities  of  10  megawatts  ((41)  at  Anderson,  100  MW  at  Noblesville, 
plants  with  372.6  MV,  47-5  MVT,  10  MW,  and  6.8  MW  capacities  at 
Indianapolis,  and  plants  with  capacities  of  393-6  MW  at  Centerton, 
159  MW  at  Bdwardsport,  and  18  (41  at  Washington.  A plant  with  220  MW 
installed  capacity  is  scheduled  to  begin  operation  at  Petersburg 
in  1967. 
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Along  the  main  stem  of  the  Wabash  River  are  located  plants 
with  installed  capacities  of  12.5  MV-'  at  Celina,  Ohio,  7 MW  at 
Bluffton,  40  MW  at  Peru,  52  MW  at  Logansport,  210  MW  and  6 MW  at 
Terre  Haute,  575  MW  at  West  Terre  Haute,  Indiana,  and  U50  MW  at 
Sullivan,  212.5  MW  at  Hutsonville  and  20.5  MW  at  Mount  Carmel,  Illinois. 

In  addition,  scheduled  for  operation  in  1968  is  a plant 
with  installed  capacity  of  318  MW  at  Terre  Haute. 

In  tributary  basins,  a plant  with  an  installed  capacity 
of  36.8  MW  Is  located  at  Frankfort,  Indiana,  in  the  Wildcat  Creek 
subbasin,  and  a plant  with  a capacity  of  40  MW  is  located  at 
Crawfordsville,  Indiana,  in  the  Sugar  Creek  subbasin. 

In  Illinois  in  the  Vermilion  River  subbasin,  a plant  with 
a capacity  of  8 MW  is  located  at  Rantoul,  a plant  with  a capacity 
of  182.3  MW  is  located  at  Oakwood,  and  a plant  with  a capacity 
of  7.5  MW  is  located  at  Danville.  At  Marshall  in  the  Mill  Creek 
subbasin  is  located  a plant  with  a capacity  of  5*6  MW.  In  the 
Embarrass  River  subbasin,  plants  are  located  at  Robinson, 

Champaign,  and  Tuscola  with  capacities  of  12,  30,  and  12.5  MW 
respectively.  In  the  Little  Wabash  River  subbasin,  plants  are 
located  at  Fairfield  and  Carmi  with  capacities  of  12.5  and 
10.2  MS*/  respectively.  Thermal  pollution  is  not  presently  a major 
problem.  However,  with  the  possible  advent  of  large  mine  mouth 
power  plants  in  the  coal  producing  areas  of  the  basin,  some  such 
problems  may  arise. 

Chloride  problems  from  oil  field  brines  exist  in  the  lower 
reaches  of  the  Embarrass  and  Patoka  River  Basins  and  in  scattered 
areas  in  the  Little  Wabash  Basin  as  well  as  in  Bonpas  Creek  in 
Illinois  and  Big  Creek  in  Indiana.  Control  of  such  pollution 
appears  to  be  largely  one  of  control  at  the  source  with  injection 
of  brines  into  deep  disposal  wells. 

Acid  mine  drainage  is  a major  problem  in  the  Patoka  River 
Basin.  Such  pollution  was  largely  responsible  for  Princeton, 

Indiana,  going  to  a well  source  of  supply.  Other  areas  where 
acid  mine  drainage  is  a problem  include  Busseron  and  Birch  Creeks 
in  Indiana  and  Sugar  Creek  in  Illinois . Solution  of  these 
problems  will  probably  require  a combination  of  control  at  the 
source  measures  along  with  flow  regulation. 
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TABLE  1 

WABASH  RIVER  BASIN 


Counties 


State 

County 

Indiana 

Adams 

tl 

Allen 

t» 

* 

Bartholomew 

If 

* 

Benton 

rt 

* 

Blackford 

it 

* 

Boone 

11 

* 

Brown 

ti 

* 

Carroll 

11 

* 

Cass 

Illinois 

* 

Champaign 

It 

* 

Clark 

Indiana 

Clark 

Illinois 

* 

Clay 

Indiana 

* 

Clay 

II 

* 

Clinton 

Illinois 

* 

Coles 

II 

* 

Crawford 

Indiana 

Crawford 

Illinois 

* 

Cumberland 

Ohio 

Darke 

Indiana 

* 

Daviess 

in  Basin 

Percent  of  Land  Area  in  Basin 

27.7 
24.5 

100.0 

64.8 

100.0 

100.0 

100.0 

100.0 

100.0 

60.7 

100.0 

0.4 

100.0 

100.0 

100.0 

80.8 

100.0 

18.9 

100.0 

10.3 

100.0 


» 
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TABLE  1 (cont’d) 

WABASH  RIVER  BASIN 


Counties  in  Basin 


State 

County 

Indiana 

* 

Decatur 

It 

* 

Delaware 

Illinois 

* 

Douglas 

Indiana 

* 

Dubois 

Illinois 

* 

Edgar 

rr 

* 

Edwards 

it 

* 

Effingham 

it 

Fayette 

Indiana 

Fayette 

Illinois 

Ford 

Indiana 

* 

Fountain 

II 

* 

Fulton 

Illinois 

Gallatin 

Indiana 

* 

Gibson 

II 

* 

Grant 

It 

* 

Greene 

Illinois 

* 

Hamilton 

Indiana 

* 

Hamilton 

II 

* 

Hancock 

II 

* 

Hendricks 

II 

* 

Henry 

Percent  of  Land  Area  in  3asin 

89.4 

100.0 

67.7 

88.4 

100.0 

100.0 

90.7 

4.9 

8.0  I 

30.2 

100.0 

100.0 

11.9 

70.8 

100.0 

100.0 

42.4 

100.0 

100.0 

100.0 

93.7 


4 
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TABLE  1 (cont'd) 

WABASH  RIVER  BASIN 

Counties  in  Basin 


State 

County 

Percent  of  Land  Area  in  Basin 

Indiana 

* 

Howard 

100.0 

f r 

* 

Huntington 

100.0 

Illinois 

Iroquois 

2.4 

Indiana 

* 

Jackson 

100.0 

Illinois 

* 

Jasper 

100.0 

Indiana 

* 

Jay 

100.0 

Illinois 

Jefferson 

16.9 

Indiana 

Jefferson 

50.8 

t f 

* 

Jennings 

100.0 

II 

* 

Johnson 

100.0 

ft 

* 

Knox 

100.0 

tt 

* 

Kosciusko 

73.5 

Illinois 

* 

Lawrence 

100.0 

Indiana 

* 

Lawrence 

100.0 

Illinois 

Livingston 

1.2 

Indiana 

* 

Madison 

100.0 

Illinois 

Marion 

36.8 

Indiana 

* 

Marion 

100.0 

ft 

Marshall 

29.3 

ft 

* 

Martin 

100.  c 

Ohio 

Mercer 

46.4 

I1-36c 
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TABLE  1 (cont'd) 

WABASH  RIVER  BASIN 


Counties  in 

State 

County 

Indiana 

% 

Miami 

II 

* 

Monroe 

II 

* 

Montgomery 

II 

* 

Morgan 

II 

Noble 

II 

* 

Orange 

II 

■* 

Owen 

If 

* 

Parke 

II 

* 

Pike 

II 

Posey 

II 

* 

Pulaski 

li 

* 

Putnam 

II 

■* 

Randolph 

Illinois 

* 

Richland 

Indiana 

Ripley 

II 

* 

Rush 

II 

* 

Scott 

Illinois 

Shelby 

Indiana 

-ft 

Shelby 

ft 

Spencer 

II 

Starke 

Percent  of  Land  Area  in  Basin 

100.0 

100.0 

100.0 

100.0 

11.5 

97.2 

100.0 

100.0 

97.7 

79.6 

61.5 

100.0 

73.5 

100.0 

33.° 

96.3 

91.6 

19.7 

100.0 

2.0 

15.6 
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TABIC  1 (cont'd) 

WABASH  RIVER  BASIN 
Counties  in  Basin 


State 

County 

Percent  of  Land  Area  m Basin 

Indiana 

* 

Sullivan 

100.0 

It 

* 

Tippecanoe 

100.0 

?t 

* 

Tipton 

100.0 

It 

Vanderburgh 

26.1 

Illinois 

* 

Vermilion 

93.7 

Indiana 

* 

Vermillion 

100.0 

It 

* 

▼igo 

100.0 

Illinois 

* 

Wabash 

100.0 

Indiana 

* 

Wabash 

100.0 

II 

* 

Warren 

100.0 

It 

Warrick 

3.4 

It 

* 

Washington 

45.  4 

Illinois 

* 

Wayne 

100.0 

Indiana 

* 

Wells 

97.0 

Illinois 

* 

White 

88.1 

1 

Indiana 

* 

White 

83.2  ] 

II 

* 

Whitley 

100.0 

♦Counties  considered  in  econcmic  projections  of 
Wabash  River  Basin. 


TABLE  2 


WABASH  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 


Drainage  Area 


Length  of 
Stream 


Miles  from 
Confluence 


Tributary 

Sq.  Miles 

(miles) 

with  0 

Wabash  River 

33,100 

475 

0 

Little  Wabash  River 

3,380 

200 

15 

Pat oka  River 

850 

138 

95 

White  River 

11,200^ 

52 

96 

East  Fork 

5,680 

282 

147 

West  Fork 

5,430 

255 

147 

Embarrass  River 

2,350 

185 

122 

Sugar  Creek 

840 

72 

245 

Vermilion  River 

1,520 

68 

257 

Wildcat  Creek 

800 

81 

317 

Tippecanoe  River 

1,920 

166 

322 

Eel  River 

850 

100 

354 

Mississinewa  River 

820 

100 

375 

1/  Includes  East  and  West  Fork. 


TABLE  3 


WABASH  RIVER  BASIN 
Population  of  principal  Communities 


City 

County 

State 

1910 

1920 

1930 

1940 

1950 

i960 

Indianapolis 

Marion 

Indiana 

233,650 

314,194 

364,161 

386,972 

427,173 

476,258 

Terre  Haute 

Vigo 

l» 

58,157 

66,083 

62,810 

62,693 

64,214 

72,500 

Muncie 

Delaware 

II 

24,005 

36,524 

46,548 

49,720 

58,479 

68,603 

Champaign 

Champaign 

Illinois 

12,421 

15,873 

20,348 

23,302 

39,563 

49,583 

Anderson 

Madison 

Indiana 

22,476 

29,767 

39,804 

41,572 

46,820 

49,061 

Kokomo 

Howard 

if 

17 ,010 

30,067 

32,843 

33,795 

38,672 

47,197 

LaFayette 

Tippecanoe 

- 

20,081 

22,486 

26,240 

28,798 

35,568 

42,330 

Danville 

Vermilion 

Illinois 

27,871 

33,776 

36,765 

36,919 

37,864 

41,856 

Marion 

Grant 

Indiana 

19,359 

23,747 

24,496 

26,767 

30,081 

37,854 

Bloomington 

Monroe 

" 

8,838 

11,595 

18,227 

20,870 

28,163 

31,357 

Urbana 

Champaign 

Illinois 

8,245 

10,244 

13,060 

14,064 

22,834 

27,294 

Rant ou] 

" 

ft 

1,384 

1,551 

1,555 

2,367 

6,387 

22,116 

Logansport 

Cass 

Indiana 

19,050 

21,626 

18,508 

20,177 

21,031 

21,106 

Columbus 

Bartholomew 

II 

8,813 

8,990 

9,935 

11,738 

18,370 

20,778 

New  Castle 

Henry 

" 

9,446 

14,458 

14,027 

16,620 

18,271 

20,349 

Mattoon 

Coles 

Illinois 

11,456 

13,552 

14,631 

15,827 

17,547 

19,088 

Vincennes 

Knox 

Indiana 

14,895 

17,160 

17,564 

18,228 

18,831 

18,046 

Huntington 

Huntington 

It 

10,272 

14,000 

13,420 

13,903 

15,079 

16,185 

Frankfort 

Clinton 

II 

8,634 

11,585 

12,196 

13,706 

15,028 

15,302 

Peru 

Miami 

II 

10,910 

12,410 

12,730 

12,432 

13,306 

14,453 

Shelbyville 

Shelby 

9,500 

9,701 

10,618 

10,791 

11,734 

14,317 

Crawfords vi He  Montgomery 

9,371 

10,139 

10,335 

11,089 

12,851 

14,231 

Bedford 

Lawrence 

II 

8,716 

9,076 

13,208 

12,514 

12,562 

13,024 

West  Lafayette 

Tippecanoe 

II 

3,867 

3,830 

5,095 

6,270 

11,873 

12,680 

Wabash 

Wabash 

II 

8,687 

9,872 

8,640 

9,653 

10,621 

12,621 

Elwood 

Madison 

11,028 

10,790 

10,685 

10,913 

11,362 

11,793 

Seymour 

jJ 

Beech  Grove 

Jackson 

6,305 

7,348 

7,508 

8,620 

9,629 

11,629 

Marion 

" 

568 

1,459 

3,552 

3,907 

5,685 

10,973 

Washington 

Daviess 

ll 

7,854 

8,743 

9,070 

9,312 

10,987 

10,846 

Charleston 

1 I 

Coles 

Illinois 

5,884 

6,615 

8,012 

8,197 

9,164 

10,505 

1/ 

Lawrence 

Marion 

Indiana 

_ 

- 

840 

1,087 

1,951 

10,103 

TAB1£  4 

WABASH  RIVER  BASIN 


Reservoirs  - Area  100  Acres  or  Greater 


Name 

Purpose 

Normal  Pool  Storage  (acre- 

Area  Flood  Water 

(acres)  Control  Supply 

-feet) 

Other 

Grand  Lake 

R 

12,800 

90,000 

Salamonie  Res.  2 / 

T,  A,  R 

2,86oi/ 

250,500 

47,600 

Mississinewa  Res. 2/ 

F,  A,  R 

3 ,18qV 

345,100 

51,900 

Huntington  Res.  2 / 

F,  R 

900V 

149,000 

Monroe  Res. 

F,  W,  R 

10,75c£/ 

258,800 

159,900 

lake  Shafer 

P,  R 

14,040 

Eagle  Creek  Res.  2/ 

F,  R 

1,350 

42,400 

24,000 

Brush  Creek 

W 

185 

Lake  Freeman 

P 

Bradford  Woods  Lake 

R 

110 

1,200 

Cagles  Mill  Res. 

F,  R 

1,400V 

201,000 

Glendale 

R 

1,313 

20,400 

Mansfield  Res. 

F,  A,  R 

2,060V 

116,600 

33,100 

Holiday  Lake 

R 

168 

2,435 

Geist  Res. 

W 

1,900 

21,500 

Huntingburg  City 

TfAVp 

W,  R 

180 

2,000 

Morse  Res. 

w 

1,375 

21,500 

Lamb  Indian  Creek 

R 

309 

7,250 

Prairie  Crk.  Res. 

W 

21,500 

Lake  Vermilion 

W,  R 

7,960 

Princess  East  Lake 

R,  W 

7,000 

Kickapoo  Lakes 

R 

Springs  Valley 

R,  F 

lLl 

1,687 

Twin  Lakes 

R 

Lake  Charleston 

R 

358 

2,100 

lake  Mattoon 

W,  R 

1,136 

12,000 

Lake  Paradise 

176 

4,500 

Norris  Co.  Res. 

W,  R 

Turkey  Run  Lake 

R 

Lake  Lemon-Bean 

W 

16,800 

Lake  Griffey 

W 

100 

Lake  Greenvood 

W 

8,000 

Vermillion  Fishing 
Club  ^ 

R 

105 

Lincoln  Trail  State 

R 

158 

Park 

New  City  Lake 

R 

176 

Qaega  Lake 

R 

585 

Olney  New  Lake 

W 

137 

Mesa  Lake 

R 

125 

Lake  Johns on vi lie 

R 

194 

Lake  Sara 

W,  R 

586 

13,800 

Grandview  Lake 

R 

324 

Beaver  lake 

W 

Lake  Salinda 

W 

Starve  Hollow  Lake 

R 

l/  Seasonal  Pool 

F - 

Flood  Control 

2/  Under  Construction 

A - 

Low  Flow  Regulation 

R - 

Recreation 

W . 

Water  Supply 

P - 

Power 
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TABLE  5 (cont'd) 

ABABH  RIVER  BASIS 


WABASH  RIVER  BASIN 
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Orange  16,900  2,800 
Rush  20,400  7,300 
Scott  14,600  7,600 
Washington  17,600  4,500 

Subtotal  299,200  116,300  454,000  665,000  960,000 


TABLE  6 (cont'd) 
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WABASH  RIVE A BASIN 


TABI£  7 (cont'd) 


M 

C/3 


K 

03 

g 
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WABASH  RIVER  BASIN 


V:ro  30,500  10,040  ____  _____  ___ 

Subtotal  ~TU%50  "iH.'^lO  454.7  122  135  203  171  1«9  **lB  246  261  835 


TABLE  7 (cont'd) 


TABLE  8 


WABASH  RIVER  BASIN 

Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  Subarea 

Indiana 

Adams 

* 

If 

Allen 

* 

If 

Clark 

N-2 

Ohio- Louisville 

tf 

Crawford 

N-l 

Ohio-Louisville 

Ohio 

Darke 

L-2 

Little  Miami -Miami 

Illinois 

Fayette 

* 

Indiana 

Fayette 

L-l 

Little  Miami -Miami 

Illinois 

Ford 

* 

fl 

Gallatin 

0-1 

Ohio-Evansville 

ff 

Iroquois 

* 

ff 

Jefferson 

* 

Indiana 

Jefferson 

N-3 

Ohio-Louisville 

Illinois 

Livingston 

* 

ft 

Marion 

* 

Indiana 

Marshall 

* 

Ohio 

Mercer 

* 

Indiana 

Noble 

* 

II 

Posey 

0-1 

Ohio-Evansville 

If 

Ripley 

K-l 

Ohio-Cincinnati 

Illinois 

Shelby 

* 

Indiana 

Spencer 

0-3 

Ohio-Evansville 

II 

Starke 

* 

II 

Vanderburgh 

0-2 

Ohio-Evansville 

If 

Warrick 

0-3 

Ohio-Evansville 

*Not  included  in  Projective  Economic  Study  of  Ohio  River  Basin. 
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Total  ’ ,117,475  11^  242.0  , 4 ,100  128  4l6.0  4,589,000  139  638.9  6,550,000  14?  963.5 

Industrial  Total  215.6  38O.O  655.1  1 166 . 5 

GRAUD  TOTAL  4_57.6  79^.0  1294.0  2130.0 
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I 


SUMMARY 


Municipai  and  Industrial  Water  Supply  Problems 

The  major  location  of  municipal  and  industrial  water  use  in 
the  Cumberland  River  Basin  is  the  Nashville  metropolitan  area.  Due 
to  its  location  on  the  Cumberland  River,  no  water  supply  problems 
are  foreseen  during  the  study  period. 

Municipal  water  supply  problems  will  occur  in  canmunities  on 
smaller  tributaries  of  the  system.  A need  exists  currently  for 
developing  a source  of  supply  for  Franklin,  Tennessee.  Additional 
source  development  or  extension  of  present  facilities  will  be  needed 
for  surface  supplies  at  Murfreesboro,  Smithville,  Smyrna,  and 
McMinnville,  Tennessee  by  1980.  Surface  development  could  help  in 
meeting  projected  needs  at  Springfield,  Woodbury,  Livingston,  and 
Cookeville,  Tennessee  by  2000.  In  the  upper  and  eastern  portion  of 
the  basin,  Monticello,  Barbourville , Pineville,  Cumberland,  and 
London,  Kentucky  and  Jellico,  Tennessee,  will  need  additional  source 
development  or  extension  of  present  facilities  by  2020. 

Water  Quality  Control  Problems 

The  major  sources  of  municipal  and  industrial  wastes  are  also 
in  the  Nashville  area.  Providing  that  secondary  treatment  methods 
are  employed  by  the  city  and  equivalent  waste  reduction  methods  are 
applied  by  Davidson  County  industry,  water  quality  should  continue 
to  be  acceptable  in  Cheatham  Reservoir  below  Nashville  throughout  the 
study  period. 

Most  of  the  remaining  water  quality  problems  are  on  local 
tributaries  with  short  reaches  of  streams  being  affected.  Areas  of 
larger  need  are  North  Fork  Little  River  below  Hopkinsville,  Kentucky, 
and  in  Tennessee,  West  Fork  Stones  River  below  Murf reesboro , West 
Fork  Harpeth  River  below  Franklin,  Short  Creek  below  Cookeville, 

Town  Creek  below  Gallatin,  and  Sulphur  Fork  Creek  below  Springfield. 
These  canmunities  currently  have  secondary  treatment,  but  being  in 
headwater  areas  reflect  the  problems  that  can  occur  during  drought 
periods  when  there  is  little  or  no  streamflow  to  assimilate  the 
residual  wastes  after  treatment. 


II  DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 

The  Cumberland  River  is  formed  by  the  confluence  of  Poor 
and  Clover  Forks  in  the  Appalachian  Plateau  region  near  Harlan, 
Kentucky.  From  that  point  it  flows  southwesterly  into  Tennessee  and 
at  Nashville  turns  and  flows  in  a northwesterly  direction  back  into 
Kentucky.  It  joins  the  Ohio  River  near  Smithland,  Kentucky,  58 
miles  above  the  confluence  of  the  Ohio  and  Mississippi  Rivers  and 
922  miles  below  Pittsburgh,  Pennsylvania. 

The  total  drainage  area  of  the  Cumberland  Basin  is  17  ,91*+ 
square  miles,  7,219  of  which  lie  in  southeastern  and  southwestern 
Kentucky  and  10,695  in  north  central  Tennessee.  It  is  bounded  on  the 
south  by  the  Tennessee  River  Basin  and  on  the  north  by  the  Kentucky 
and  Green  River  Basins.  Table  1 lists  the  65  counties  which  lie 
partially  or  wholly  in  the  basin. 

The  main  tributaries  of  the  Cumberland  River  are  shown  in 
Table  2 and  Figure  12-1,  page  12-33- 

Physical  Features 

The  topography  of  the  basin  varies  from  rugged  mountains  in 
the  eastern  portion  to  rolling  plateau  in  the  western  part.  Elevations 
range  from  U,150  feet  above  sea  level  in  the  Cumberland  Mountains  to 
302  feet  above  sea  level  at  the  mouth  of  the  Cumberland  River.  The 
upper  portion  of  the  basin  above  Burnside,  Kentucky,  lies  in  the 
Cumberland  Mountains  of  the  Appalachian  Plateau  where  the  river  and 
its  tributaries  flow  in  deep  narrow  valleys,  and  have  gradients  ranging 
from  10  to  12  feet  per  mile.  In  the  central  portion  of  the  basin 
between  Burnside,  Kentucky,  and  Carthage,  Tennessee,  the  Cumberland 
River  flows  through  the  eastern  Highland  Rim  section  of  the  Interior 
Low  Plateaus  where  the  valleys  adjacent  to  the  main  stream  and 
tributaries  are  hilly  and  the  streams  have  gradients  ranging  from 
3 to  5 feet  per  mile.  Below  Carthage,  Tennessee,  the  river  flows 
through  the  Nashville  Basin  where  the  terrain  is  rolling  to  hilly.  In 
this  region,  the  main  stem  and  tributaries  have  gradients  of  1 to  3 
feet  per  mile.  From  near  Nashville,  Tennessee,  to  its  mouth,  the 
Cumberland  River  is  in  the  western  Highland  Rim  physiographic  section 
of  the  Interior  Low  Plateaus. 


Climate 


The  average  annual  precipitation  in  the  basin  varies  from 
more  than  l}2  inches  in  the  southern  part  of  the  basin  to  about  48 
inches  at  the  eastern  and  western  ends.  At  Nashville,  Tennessee, 
and  Williamsburg,  Kentucky,  the  average  annual  precipitation  is 
between  46  and  47  inches . 

Average  January  temperatures  at  Nashville  and  Williamsburg 
are  39°F  and  40°F  respectively.  The  average  July  temperatures  are 
80°F  and  77°F  at  the  two  stations.  The  average  frost-free  season  is 
229  days  at  Nashville  and  184  days  at  Williamsburg. 

Principal  Communities  and  Industries 

Listed  in  Table  3 are  sane  of  the  principal  cities  and 
communities  of  the  basin  with  their  populations  from  1910  to  i960. 

Agriculture  is  still  a dominant  force  in  the  basin's  economy. 
Coal  mining  is  an  important  industry  in  the  Kentucky  counties  locatec 
in  the  upper  portion  of  the  basin. 

Nashville,  Tennessee  and  Davidson  County  is  the  economic  center 
of  the  area  and  has  industrial  output  in  fibers,  printing,  furniture 
and  flooring,  food  processing,  baking,  apparel,  phosphates,  and 
tobacco  products.  Murfreesboro,  Tennessee  industry  produces  hosiery, 
food  products,  electric  motors  and  heating  elements.  Hopkinsville, 
Kentucky  industry  produces  shoes,  apparel,  lighting  fixtures,  and 
stemmed  and  redried  tobacco.  Lebanon,  Tennessee  industry  produces 
luggage , wool  products,  apparel,  auto  parts,  and  accessories. 
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Ill  WATER  RESOURCES 


j 


i 


Surface  Water  Resources 
Quantity 

Surface  flows  in  the  basin  are  largely  controlled  by  reservoirs. 
Six  major  reservoirs  currently  operate  to  control  flow  and  three  more 
are  under  construction.  In  addition,  there  are  severer  smaller  lakes 
used  primarily  for  water  supply  or  for  recreation.  Lfive  Morris  and 
Lake  Boxley,  both  near  Hopkinsville,  are  examples  of  this  latter 
type.  There  is  also  one  small  reservoir  operated  primarily  for 
hydroelectric  power. 

lake  Barkley,  Cheatham  Reservoir  and  Old  Hickoiy  Reservoir, 
on  the  main  stem  of  the  Cumberland  River  are  units  in  the  Corps  of 
Engineers  plan  for  multipurpose  development  of  the  river  as  a unit 
of  the  Ohio  River  system,  and  provide  slack  water  navigation  (9  foot 
depth)  to  above  Carthage,  Tennessee,  about  31**  miles  above  the  mouth 
of  the  river.  These  reservoirs  are  also  operated  •'’or  power  production, 
flood  control,  and  recreational  uses.  Cordell  Hull  Reservoir  under 
construction  will  extend  navigation  to  the  Kentucky  border.  Other 
reservoirs  in  the  multipurpose  plan  are  Dale  Hollow  on  the  Obey  River, 
Center  Hill  on  the  Caney  Fork  River  and  Lake  Cumberland  on  the  main 
stem  of  the  Cumberland  River.  J.  Percy  Priest  Reservoir  will  regulate 
flows  from  Stones  River  when  it  is  complete.  Great. 

Falls  Dam  and  Lake  on  the  Collins  River  is  operated  by  TVA  for  power 
production.  Smaller  recreation  lakes  in  Kentucky  are  Cranks  Creek 
Reservoir  in  Harlan  County  and  Pine  Mountain  Lar.e  in  Bell  County. 

Table  4 shows  pertinent  data  regarding  the  aforementioned  impoundments. 

Flow  distribution  throughout  the  year  follows  a reasonably 
distinct  pattern.  Highest  streamflows  are  in  the  winter  months, 

January  through  March,  and  sometimes  are  extended  on  into  April. 

Average  streamflows  then  decrease  through  September  and  October  and 
begin  to  increase  again  late  in  autumn.  There  is  relatively  little 
storage  of  ground  water  in  subsurface  aquifers,  and  streamflows  tend 
to  reflect  precipitation  more  directly.  In  the  Red  River  Basin  and 
in  various  other  places,  springs  make  a continuing  contribution  to 
flows.  These  springs  are  usually  fed  by  complex  channel  systems  in 
limestone  deposits  underlying  the  surface. 


rr 


Table  5 gives  information  on  streamflows  at  selected  points, 
excerpted  from  data  prepared  by  the  Corps  of  Engineers .V 

Quality 

Surface  waters  of  the  basin  are  moderately  hard,  with  the 
main  contribution  to  hardness  being  of  the  carbonate  type.  Typical 
concentrations  of  hardness  range  up  to  100  mg/l  calcium  and  magnesium 
hardness  and  up  to  25  mg/l  noncarbonate  hardness.  During  high  flows 
where  a large  part  of  the  water  is  from  surface  runoff,  concentrations 
of  dissolved  solids  are  less  than  during  low  flows.  Total  dissolved 
solids  concentrations  at  Clarksville,  Tennessee,  are  on  the  order  of 
100  mg/l  during  low  flow  months.  Acid  mine  drainage  affects  several 
streams,  in  both  states,  where  pH  values  range  frco  3 to  5 and  iron, 
manganese,  and  sulfate  concentrations  are  higher  than  at  other  basin 
locations,  but  the  effect  on  main  stem  quality  is  small. 


Ground  Water  Resources 
Quantity 

Ground  water  resources  are  described  by  the  U.  S.  Geological 
Survey^' and  the  following  discussion  has  been  condensed  from  their 
report . 

This  basin  has  less  potential  for  future  ground  water  develop- 
ment than  the  other  subareas  of  the  Ohio  River  Basin.  Most  of  the 
highest  yielding  sources,  the  large  springs  issuing  from  the 
Mississippian  limestones,  are  already  being  used.  Yields  adequate 
for  small  industrial  and  municipal  supplies,  however,  are  available 
in  large  areas  of  the  basin. 

At  depths  of  80  to  250  feet  in  the  Mississippian  limestones 
of  the  western  Highland  Rim  area,  yields  of  20  to  100  gpm  seem  to  be 
available  almost  anywhere  in  the  area.  Very  few  wells  extend  deeper 
than  100  feet,  and  few  wells  yield  over  150  gpm,  as  does  one  at 
Princeton. 

Dry  weather  flow  is  contributed  to  the  Cumberland  River  by 
limestones  of  the  Mississippian  system  in  the  eastern  Highland  Rim 
area.  These  limestones  and  their  overburden  are  often  sources  of 


1/  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 

2]  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Daain, 
Appendix  E,  Ohio  River  basin  Comprehensive  Survey. 
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water  supply,  with  many  supplies  being  taken  from  springs.  If  a well 
penetrates  a large  solution  channel  in  the  limestone,  it  may  yield 
as  high  as  500  gpm,  but  a more  likely  yield  is  20  to  100  gpm  at  a 
depth  of  20  to  50  feet.  One  spring  east  of  Center  Hill  Reservoir 
has  a reported  flow  of  2,600  gpm. 

Of  somewhat  less  potential  is  the  ground  water  supply  of  the 
headwater  area.  This  area  is  underlain  by  the  Pottsville  Formation 
which  has  an  upper  half  of  fine  grained  sandstone  and  shale.  The 
lower  half  has  less  shale  and  a coarse  grained  sandstone  through 
which  water  can  circulate  more  freely.  Shallow  wells  may  yield  less 
than  1 gpm;  deeper  wells  may  yield  20  to  100  gpm  at  depths  of  100 
to  300  feet. 

River  alluvium  extends  along  the  Cumberland  River  and  its 
major  tributaries  for  most  of  their  lengths.  Virtually  no  use  is 
made  of  ground  water  in  the  alluvium,  either  by  pumping  from  wells 
or  infiltration  galleries.  Basic  reasons  for  this  lack  of  use  are 
frequent  inundation  of  the  flood  plain  and  availability  of  good 
quality  water  from  the  river. 

Quality 

Ground  water  from  the  Mississippian  rock  system  in  the 
western  Highland  Rim  seems  to  have  more  hardness  and  less  iron  than 
ground  water  from  the  same  rock  system  in  the  eastern  Highland  Rim, 
but  the  data  are  not  conclusive.  Hardness  in  all  but  one  of  the 
samples  analyzed  from  the  western  Highland  Rim  was  more  than  180  mg/l, 
while  only  one  analysis  showed  more  than  1 mg/l  of  iron.  The  results  of 
many  analysis,  however,  showed  iron  in  greater  concentration  than  the 
0.3  mg/l  that  is  considered  excessive  in  drinking  water  by  the  U.  S. 
Public  Health  Service  standards. 

A few  chemical  analyses  of  water  frcm  springs  and  wells  in  the 
carbonate  rocks  of  the  western  Highland  Rim  indicate  that  the  water 
ranges  in  hardness  from  50  to  200  mg/l,  has  negligible  amounts  of 
sulfate  and  chloride,  and  has  less  than  U00  mg/l  of  dissolved  solids, 
but  is  likely  to  have  more  than  0.3  mg/l  and  occasionally  as  much  as 
5 mg/l  of  iron. 

Iron  content  of  waters  frcm  the  Pottsville  formation  exceeds 
0.3  mg/l  and  is  often  greater  than  3 mg/l.  The  water  normally  has 
less  than  120  rag/l  of  hardness,  less  than  60  mg/l  of  sulfate,  and  less 
than  20  mg/l  of  chlorides. 
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IV  THE  ECONOMY 


Th e Cumberland  subarea  of  the  Projective  Economic  Study  is 
nearly  coextensive  vith  the  Cumberland  River  Drainage  Basin,  and 
consists  of  the  eighteen  Kentucky  counties  and  twenty-six 
Tennessee  counties  listed  in  Tables  6 and  7 and  shown  on  Figure  12-1, 
page  12-33.  Since  future  estimates  of  water  requirements  and  waste 
loads  depend  partly  upon  the  hydrology  of  the  area,  the  subarea  has 
been  divided  into  five  minor  areas,  S-l,  S-2,  S-3,  S-4,  and  S-5. 

Minor  areas  S-l  and  S-2  include  the  lower  reaches  of  the  Cumberland 
River,  S-3  the  middle  reaches,  and  S-4  and  S-5  the  upper  reaches. 

Minor  areas  S-4  and  S-5  are  entirely  within  the  region  designated  as 
Appalachia,  and  minor  area  S-3,  with  the  exception  of  the  Tennessee 
counties  of  Sumner,  Trousdale,  Wilson,  Rutherford,  and  Cannon,  is 
also  included. 

Economic  Profiles 

Minor  Area  S-l 

The  S-l  minor  area  population  was  151,400  in  i960,  30  percent 
of  which  was  urbanized.  Two  larger  cities,  Clarksville,  Tennessee, 
and  Hopkinsville,  Kentucky,  are  located  in  the  area,  with  populations 
of  22,800  and  19,500  respectively.  Average  per  capita  personal  income 
amounted  to  $1,663,  compared  to  $1,322  for  Kentucky  and  $1,318  for 
Tennessee. 

Agriculture  is  the  most  important  employment  category. 
Employment  fell  from  13,600  in  1950  to  8,100  in  i960,  and  90,000 
acres  were  taken  out  of  farm  production  between  1954  and  1959.  Even 
so,  the  $33.8  million  of  farm  products  sold  in  1959  represented  an 
increase  of  five  million  dollars  over  the  total  sold  in  1954.  Live- 
stock products  and  field  crops  each  amounted  to  about  50  percent  of 
the  1959  figure.  Seven  hundred  acres  were  irrigated  in  1959. 

Manufacturing  establishments  employing  100  workers  or  over  are 
concentrated  in  Christian  and  Montgomery  Counties.  These  two  counties 
accounted  for  14  of  the  total  17  plants  of  this  size  in  the  area  in 
1964.  The  most  important  industries  are  nondurables,  furniture  and 
wood  products,  apparel,  and  food  processing. 
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The  most  important  mining  activity  in  the  area  was  the  extraction 
of  crude  oil.  In  i960,  1.2  million  barrels  were  produced,  nearly  all 
of  it  in  Christian  County,  Kentucky,  representing  5.5  percent  of 
Kentucky's  total  production  for  that  year. 

Minor  Area  S-2 

Total  population  of  minor  area  S-2  in  i960  was  480,500,  83 
percent  of  which  resided  in  Davidson  County  Tennessee,  which  is 
designated  a Standard  Metropolitan  Statistical  Area.  Average  personal 
per  capita  income  was  $1,771  in  Davidson  County  in  I960  and  $1,126 
in  the  remaining  area,  compared  to  $1,318  for  Tennessee.  Nashville 
with  a population  of  about  171,000  is  the  major  city  in  the  basin  as 
well  as  in  this  subarea.  The  unincorporated  communities  of 
Inglewood,  Woodmont-Green  Hills-Glendale,  Donelson,  Woodbine-Radner- 
Glencliff,  and  Madison  are  part  of  the  Nashville  metropolitan  area 
and  total  almost  95,000  population. 

Manufacturing  is  the  most  important  employment  category  and 
almost  wholly  confined  to  Davidson  County.  Establishments  employing 
100  workers  or  over  increased  frcm  76  in  1958  to  97  in  196k  in  the 
area,  and  90  of  these  were  in  Davidson  County.  The  most  important 
industries  were  printing  and  allied  products,  other  nondurables, 
food  processing,  and  other  durables.  One  thermal  power  plant  is 
located  in  Davidson  County  with  a generating  capacity  of  29.5  megawatts. 
One  hydropower  generating  plant  with  a capacity  of  36  megawatts  is 
located  at  Cheatham  Dam. 

Agricultural  production  increased  frcm  a total  $24.8  million 
of  farm  products  sold  in  1954  to  $32.1  million  in  1959.  About  55 
percent  of  the  latter  were  composed  of  livestock  products.  Six 
hundred  acres  were  under  irrigation. 

Mining  activity  was  confined  to  crushed  and  broken  stone  and 
to  sand  and  gravel  extraction.  Two  phosphate  mines  were  located  in 
the  area,  one  in  Davidson  County  and  the  other  in  Williamson  County. 

Minor  Area  S-3 

Minor  area  S-3  is  the  largest  minor  area  in  the  Cumberland 
subarea.  It  is  a sparsely  settled  area  with  a i960  population  of 
267,600  and  with  two  larger  cities,  Murfreesboro  and  Lebanon, 

Tennessee,  with  populations  of  19,000  and  10,500  respectively. 

Average  personal  per  capita  income  amounted  to  $1,016  in  i960. 


Manufacturing  is  characterized  by  a wide  dispersal  of  plants. 
Establishments  employing  100  workers  or  over  manifested  a healthy 
growth  rate  between  1958  and  1964,  having  increased  from  a total  of 
4o  plants  to  56  plants.  The  major  industries  are  apparel,  furniture 
and  wood  products,  nondurables,  and  machinery  (including  electrical 
machinery) . One  thermal  power  plant  operated  by  the  Tennessee  Valley 
Authority  is  located  at  Gallatin,  Tennessee  with  a capacity  of  1,050 
megawatts.  Three  hydropower  generating  plants  operated  by  the  Corps 
of  Engineers  are  located  in  this  minor  area  at  Dale  Hollow,  Center 
Hill  and  Old  Hickory  Reservoirs  with  capacities  of  54.0,  135*0  and 
100.0  megawatts  respectively.  The  Tennessee  Valley  Authority  operates 
a hydropower  generating  plant  with  a capacity  of  31.9  megawatts  at 
Great  Falls  Lake.l/ 

Agricultural  employment  amounted  to  20,200  in  i960  equaling 
22.3  percent  of  total  employment.  The  value  of  farm  products  sold 
increased  from  $44.8  million  in  1954  to  $63  million  in  1959  in  spite 
of  the  decline  in  employment  between  1950  and  i960  of  16,200. 

Livestock  products  accounted  for  60  percent  of  the  $6.3  million  value. 
About  1,000  acres  were  irrigated. 

The  most  important  mining  activity  in  the  area  is  coal  extraction. 
In  i960,  574,600  tons  of  coal  were  produced  equaling  10  percent  of 
Tennessee's  total  production. 

Minor  Area  S-4 

Minor  area  S-4  is  also  a sparsely  settled  area  with  a i960 
population  of  134,300.  The  largest  city  is  Somerset,  Kentucky  with 
a population  of  7,100.  Average  personal  per  capita  income  is 
decidedly  below  average,  being  $700  compared  to  $1,322  for  Kentucky 
and  $1,318  for  Tennessee. 

Agricultural  employment  equaled  30.5  percent  in  i960  of  the 
total  employment  of  36,100  and  was  the  most  important  employment 
category.  The  area  experienced  a slight  increase  in  total  farm 
acres  between  1954  and  1959  but  an  increase  of  $10  million  in  the 
total  value  of  farm  products  sold.  By  1959 » the  total  value  equaled 
$31.4  million.  Crops  and  livestock  products  each  accounted  for  about 
40  percent  of  this  figure.  Slightly  less  than  300  acres  were  irrigated 
in  1959* 

Although  manufacturing  was  of  only  secondary  importance  in  i960, 
establishments  employing  100  workers  or  over  increased  from  10  plants 
in  1958  to  15  in  1964.  The  most  important  industries  were  apparel, 

l/  Appendix  I,  Electric  Power  Resources  and  Requirements  in  the  Ohio 
River  Basin,  Table  10, 
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| furniture  and  wood  products,  food  processing,  and  chemicals  and 

allied  products.  One  hydropower  generating  plant  is  located  at  Lake  j 

Cumberland  with  a capacity  of  270  megawatts.  One  thermal  generating 
plant  is  at  Burnside,  Kentucky  with  a capacity  of  100  megawatts. 

Coal  and  crude  oil  extraction  were  the  most  important  mining 
activities.  In  i960,  1.4  million  tons  of  coal  and  2&1,000  barrels 
of  oil  were  produced.  These  figures  represent  2.1  percent  and  1.3 
percent  respectively  of  Kentucky's  total  production  for  that  year. 

Minor  Area  S-5 

Average  personal  per  capita  income  in  minor  area  S-5  at  $793 
was  only  60  percent  of  the  average  $1,322  manifested  by  Kentucky. 

In  i960,  185,400  people  resided  in  the  area,  25  percent  of  which 
were  urbanized.  Middlesboro  was  the  largest  city  with  a population 
of  12,600. 

Mining  was  the  most  important  employment  category  in  i960 
and  largely  dependent  upon  coal  production.  In  that  year,  8.8 
million  tons  were  extracted  equaling  13.2  percent  of  Kentucky's 
total  production. 

Agricultural  employment  fell  from  13,200  in  1950  to  5,100  in 
i960.  The  total  value  of  farm  products  sold  between  1954  and  1959 
increased  frcm  $8.3  million  to  $11.4  million.  Of  the  latter  figure, 
field  crops  accounted  for  51-2  percent.  Less  than  100  acres  were 
irrigated. 

Manufacturing  in  the  area  is  in  a developing  stage.  Between 
1958  and  1964,  establishments  employing  100  workers  or  over  increased 
from  five  to  nine  plants.  The  most  important  industries  in  i960 
were  furniture  and  wood  products,  food  processing,  apparel,  and  other 
nondurables.  There  is  one  thermal  power  generating  plant  in  the  area 
located  in  Bell  County,  Kentucky,  with  a capacity  of  67.4  megawatts. 


Projected  Population  and  Industrial  Activity 

Population  of  the  Cumberland  subarea  is  projected  to  increase 
from  1.2  million  in  I960  to  nearly  2.7  million  by  2020.  In  I960,  the 
subarea  accounted  for  6.4  percent  of  the  total  Ohio  River  Basin 
population  but  is  expected  to  account  for  7.7  percent  by  2020.  Table 
6 shows  the  i960  and  projected  population  for  the  minor  areas . 
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Agricultural  output  is  expected  to  increase  from  $56?  ii  lion 
in  I960  to  $828  million  by  2020.  Manufacturing  is  projected  to 
increase  its  output  from  $1.7  billion  in  I960  to  $10.4  billion  by 
2020. 


Table  7 shows  I960  outru  , employment  and  manufacturing 
employment.  Projections  to  1980,  POO 0 and  2020  for  the  minor  areas 
are  shown  as  indices  using  I960  as  the  base. 

In  addition  to  the  counties  included  in  the  Cumberland  subarea 
in  the  Projective  Economic  Study,  twenty-one  other  counties  have 
land  area  within  the  basin.  These  counties  axe  listed  in  Table  8. 


V WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


1 


Present  and  Projected  Water  Use 

There  are  96  water  supply  systems  in  the  Cumberland 
River  Basin  serving  a population  of  about  768,000.  The  average  water 
use  is  66.135  mgd  or  98  gallons  per  capita  per  day. 

Of  the  municipal  use,  93  percent  is  from  surface  sources,  and 
7 percent  is  from  ground  sources,  including  springs.  Nashville  is 
the  major  area  of  municipal  and  industrial  water  use,  accounting  for 
6l  percent  of  the  total  municipal  use  and  85  percent  of  the  total 
industrial  use.  Many  smaller  communities  have  ground  water  sources. 

Over  70  percent  of  the  total  municipal  water  withdrawal  is  taken 
from  the  Cumberland  River. 

The  present  municipal  and  industrial  water  use  in  the  basin 
is  listed  by  county  and  totaled  for  economic  subareas  and  the  basin 
in  Table  9.  The  ascending  number  order  of  the  minor  areas  corresponds 
to  a general  direction  of  travel  from  the  mouth  cf  the  river  toward 
its  head. 

In  minor  area  S-l,  the  lower  part  of  the  basin,  the  two 
communities  of  Clarksville,  Tennessee,  and  Hopkinsville,  Kentucky, 
contain  86  percent  of  the  population  served  by  municipal  systems  i, 

and  use  87  percent  of  the  water  delivered  by  mun!"ipal  systems.  There 
are  eight  smaller  systems  in  this  minor  area. 

In  minor  area  S-2,  which  contains  the  counties  farthest 
downstream  in  Tennessee,  the  major  use  is  in  the  systems  serving  the 
Nashville  metropolitan  area.  The  four  systems  in  Davidson  County 
serve  9^  percent  of  the  total  population  served  in  this  minor  area 
and  use  95  percent  cf  the  water  delivered  by  the  systems. 

The  S-3  minor  area  contains  most  of  the  remaining  Tennessee 
counties  in  the  basin.  There  are  five  cities  with  water  systems 
serving  a population  of  10,000  or  greater:  Murfreesboro,  Lebanon, 

Cookeville,  Gallatin,  and  McMinnville.  Six  other  communities  have 
populations  served  between  2,500  and  10,000.  The  five  largest  communities 
include  66  percent  of  the  population  served  and  71  percent  of  the 
water  used. 


In  the  S-4  minor  area,  Somerset,  Kentucky,  serving  a population 
of  14,250  and  Monticello,  Kentucky,  serving  a population  of  4,400, 
account  for  62  percent  of  the  population  served  and  47  percent  of 
the  water  use  in  the  minor  area. 

In  the  headwaters  area,  in  minor  area  S-5>  Middlesboro 
and  Corbin,  Kentucky,  have  37  percent  of  the  population  served  and 
31  percent  of  the  water  use.  The  communities  between  2,500  and 
10,000  population  served  are  Pineville , Cumberland,  Lynch,  Harlan, 
Barbourville,  London,  and  Willismburg,  Kentucky.  These  seven  systems 
include  51  percent  of  the  population  served  and  55  percent  of  the 
average  daily  water  use. 

In  areas  in  the  basin  not  included  in  the  A.  D.  Little 
Projective  Economic  Study,  the  canmunities  of  Princeton,  Kentucky, 
and  Jellico,  Tennessee,  contain  79  percent  of  the  population  served 
and  supply  8l  percent  of  the  average  daily  water  use. 

Based  on  projected  increases  in  population  and  industrial 
activity,  estimated  water  use  in  the  Cumberland  River  Basin  will 
increase  fran  now  to  2020  as  indicated  in  Table  10.  It  is  estimated 
that  total  municipal  supplies  and  water  supplied  by  industry  for  its 
own  use  will  together  increase  by  more  than  four  times  the  present 
amount  used. 

The  assumption  is  made  in  projecting  water  use  for  each  of  the 
minor  areas  that  future  areas  of  concentrated  withdrawals  will  be 
the  same  as  those  existing  now.  In  minor  area  S-l,  daily  water  use 
is  projected  to  increase  to  more  than  five  times  the  present  use  by 
2020,  with  the  major  increases  probably  occurring  in  the  Hopkinsville, 
Kentucky,  and  Clarksville,  Tennessee,  areas.  In  2020,  water  use 
estimated  in  the  5-2  minor  area,  centering  in  Nashville  and  Davidson 
County,  will  be  approximately  440  mgd,  about  five  times  the  present 
average  use.  There  will  probably  be  some  increase  in  use  in  the 
Springfield  and  Franklin,  Tennessee  areas  also. 

Projected  water  use  in  the  S-3  minor  area  in  middle  Tennessee 
will  rise  to  about  six  times  its  present  level  by  2020.  The  major 
increases  could  occur  in  the  Cookeville,  Murfreesboro,  and  Gallatin 
areas,  and  to  a lesser  extent,  in  the  McMinnville  and  Lebanon  areas. 

By  2020,  in  the  S-4  minor  area,  where  water  use  is  very  small,  it  is 
estimated  that  water  use  will  increase  fourfold,  with  a major  share 
of  this  amount  used  at  Somerset  and  Monticello,  Kentucky. 
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In  minor  area  S-5,  water  use  is  projected  to  be  about  2.5 
times  the  present  use  bv  2020,  with  major  withdrawals  probably  in 
the  Middlesboro,  Corbin,  Harlan,  London,  and  Barbourville  areas. 

Princeton  and  Jellico  show  major  increases  in  the  projections  for 
areas  within  the  basin  but  outside  the  projective  Economic  Study 
area.  In  these  areas,  use  in  2020  is  estimated  at  slightly  more 
than  three  times  current  use. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10,  the 
1 day  in  30  years  low  flow  data  given  in  Table  5,  and  availability 
of  ground  water  as  reported  by  the  U.  S.  Geological  Survey—  were  used 
to  arrive  at  a judgment  as  to  need  of  future  development  of  sources 
of  water  supply.  Shown  in  Table  11  are  problem  areas  with  the 
approximate  time  of  onset. 

There  are  25  communities  in  the  Cumberland  River  Basin  having 
populations  between  1,000  and  2,500.  Eleven  of  these  will  probably 
have  a need  to  expand  their  municipal  supplies  over  the  projection 
period. 

The  two  major  water  using  communities  of  Clarksville,  Tennessee, 
and  Hopkinsville,  Kentucky,  in  minor  area  S-l  are  oresently  withdrawing 
or  could  draw  municipal  and  industrial  water  from  the  Cumberland 
River  .if  necessary,  so  no  problems  are  expected.  In  the  S-2  minor  area, 
two  problem;,  are  expected  to  develop  in  communities  with  populations 
over  2,500.  Franklin,  Tennessee,  is  in  need  of  developing  additional 
surface  storage  before  1980,  and  Springfield,  Tennessee,  will  need 
to  enlarge  its  present  surface  supply  system  or  turn  to  additional 
surface  development  by  2000. 

Smithville,  Tennessee,  one  of  the  seven  ccmmunities  in  minor 
area  S-3,where  problems  may  develop,  should  be  able  to  satisfy  its 
future  need  from  Center  Hill  Reservoir.  The  other  six  communities 
that  follow  should  be  able  to  supply  expected  needs  by  additional 
development  of  present  surface  supplies  or  by  building  small  impound- 
ing reservoirs.  An  impoundment  along  the  East  Fork  of  Stones  River 
would  assist  in  meeting  needs  at  Woodbury  by  2000  and  at  Murfreesboro 
by  1080.  McMinnville,  Tennessee,  should  consider  expansion  of  its 
surface  supply  by  I960,  and  Smyrna  could  probably  meet  its  future 
needs  by  turning  to  St  cries  River  to  supplement  present  ground  sources. 

1/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 

Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 

I 
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TABLE  11 


CUMBERLAND  RIVER  BASIN 
Water  Supply  Problem  Areas 


Minor  Area 

Present 

iq8o 

2000 

2020 

Springfield,  Tenn. 

S-2 

X 

Franklin,  Tenn. 

S-2 

X 

Woodbury,  Tenn. 

S-3 

X 

Livingston,  Tenn. 

S-3 

X 

Cookeville,  Tenn. 

S-3 

X 

Murfreesboro,  Tenn 

. s-3 

X 

Smithville,  Tenn. 

S-3 

X 

Smyrna,  Tenn. 

5-3 

X 

McMinnville,  Tenn. 

S-3 

X 

Monticello,  Ky. 

S-4 

X 

Pineville,  Ky. 

S-5 

X 

Cumberland,  Ky. 

S-5 

X 

Barbourville , Ky. 

S-5 

X 

London,  Ky. 

5-5 

X 

Jellico,  Tenn. 

* 

X 

♦Not  in  fro.iective  Economic  Study  Area. 

An  expansion  of  present  sources  could  probably  meet  the  expected  need 
at  Cookeville  by  2000  , and  Livingston  could  consider  developing  a 
small  impoundment  by  2000  to  meet  increased  needs. 
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Problems  in  the  S-4  and  S-5  minor  areas  al]  have  later  dates 
of  onset.  At  Monticello,  farther  development  of  existing  ground 
sources  should  be  considered  by  2020.  Pineville  could  also  consider 
either  ground  or  surface  sources  to  meet  its  2020  needs.  An  addition 
to  existing  surface  sources  would  be  required  at  London  by  2020,  while 
new  impoundments  could  be  needed  at  Cumberland  and  Barbourville  also 
by  2020.  In  the  areas  outside  of  the  Projective  Economic  Ctudy, 
Jellico,  by  2000,  will  need  to  consider  development  of  new  surface 
sources,  should  existing  ground  sources  prove  to  be  i 'capable  of 
further  development. 


VI 


WATER  QUALITY  CONTROL 


Present  and  Projected  Waste  Loads 


Present  waste  loads  generated  are  shown  in  Table  12.  The 
done stic  and  commercial  organic  pollutional  load  generated  is 
currently  estimated  at  364,000,  of  which  53  percent  is  in  minor  area 
S-2  (Kiddle  Tennessee  around  Nashville) , 16  percent  in  minor  area 
3-3  (Cumberland  Plateau  area),  and  14  percent  in  minor  area  S-5 
(headwaters  area).  The  same  th.ee  minor  areas  contribute  73,  11  and 
3 percent,  respectively,  of  the  estimated  industrial  pollutional 
loading.  The  downstream  reaches  of  minor  area  S-l  contribute 
11  percent  of  the  estimated  industrial  loading. 

Major  sources  of  municipal  organic  wastes  generated  are  in 
Nashville,  Clarksville,  Murfreesboro,  Springfield,  Gallatin,  Lebanon, 
and  Cookeville,  Tennessee,  and  Miadlesboro  and  Hopkinsville , Kentucky. 
These  nine  communities  account  for  75  percent  of  the  municipal  wastes 
generated.  Major  sources  of  industrial  organic  waste  loads  generated 
are  at  Nashville,  Clarksville,  Old  Hickory,  and  Lebanon,  Tennessee. 
These  four  communities  account  for  67  percent  of  the  estimated 
industrial  organic  waste  loads  generated. 

Shown  in  Table  13  are  the  present  and  projected  raw  waste 
loads  generated  for  the  minor  areas.  Waste  loads  are  projected  to 
increase  by  2020  to  more  than  4.5  times  the  present  amount  in  minor 
areas  S-l  and  S-2,  to  more  than  five  times  the  present  amount  in 
minor  area  S-3,  to  more  than  three  times  the  present  amount  in  minor 
area  S-4,  and  to  more  than  double  the  present  amount  in  minor  area 
S-5. 

Water  Quality  Control  Problems 

Listed  in  Table  l4  are  areas  and  approximate  beginning  date 
where  water  quality  problems  are  anticipated  to  occur  during  periods 
of  low  streamflow  due  to  residual  wastes  after  secondary  treatment. 

Although  the  major  sources  of  wastes  in  the  basin  are  on  the  *■ 
main  stem  of  the  Cumberland  River , most  of  the  problem  areas  are 
found  in  smaller  communities  and  are  of  a localized  nature.  There  is 
adequate  dilution  water  in  the  main  channel  to  accomodate  the 
expected  waste  load  frcm  Nashville  in  2020,  providing  that  secondary 
waste  treatment  methods  are  in  use. 
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TABLE  14 


CUMBERIAND 

RIVER  BAS 

IN 

nd  Projected  Wat 

,er  Oualit 

y Control  Problem  Areas 

Vicinity--' 

Economic 

Approximate  Beginning  Date 

Area 

Present  10c0  2000  2020 

2 / 

Hopkinsville 

S-l 

X 

Springfield 

S-2 

X 

Franklin 

S-2 

X 

Woodbury 

s-3 

X 

Murfreesboro 

s-3 

X 

Gallatin 

s-3 

X 

Lebanon 

s-3 

X 

Cookeville 

S-3 

X 

Livingston 

S-3 

X 

Jamestown  , 

s-4 

X 

Monticello2/ 

S-4 

X 

Somerset  2] 

S-4 

X 

Corbin  2/ 

S-5 

X 

London  2 / . 

Middlesborcfc/ 

S-5 

S-5 

X 

X 

Harlan  2 / 

S-5 

X 

Cumberland  2 / 

S-5 

X 

Lynch  2/ 

S-5 

X 

Princeton  2/ 

0-1 

X 

Stream 

North  Fork  Little 
River 

Sulphur  Fork  Creek 
West  Fork  Harpeth 
River 

East  Fork  Stones 
River 

West  Fork  Stones 
River 

Town  Creek 
Sinking  Creek 
Short  Creek 
Town  Branch 
Rockcastle  Creek 
Elk  Spring  Creek 
Sinking  Creek 
Lynn  Camp  Creek 
Whitley  Branch 
Yellow  Creek 
Martins  Fork 
Poor  Fork 
Looney  Creek 
Eddy  Creek 

1/  Located  in  State  of  Tennessee  unless  otherwise  noted. 

2 / Kentucky. 

The  design  flow  of  North  Fork  Little  River  at  Hopkinsville, 
Kentucky,  is  less  than  3 cfs.  Total  summer  flows  presently  needed 
are  in  the  order  of  20  cfs  and  will  increase  to  30  cfs  in  I98O,  50  cfs 
in  2000,  and  90  cfs  by  2020.  Since  this  community  is  in  the  headwaters 
region  of  the  stream,  storage  of  the  magnitude  required  does  not  appear 
to  be  available  and  intensive  treatment  is  indicated. 
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The  West  Fork  of  Stones  River  at  Murfreesboro,  Tennessee, 
has  a design  flow  of  less  than  1 cfs.  Present  flow  requirements 
are  slightly  higher  than  those  below  Hopkinsville,  but  future 
requirements  will  be  similar  to  those  below  Hopkinsville. 

Flow  requirements  in  Short  Creek  below  Cookeville,  Town  Creek 
below  Gallatin,  Sulphur  Fork  Creek  below  Springfield,  and  Sinking 
Creek  below  Lebanon  in  Tennessee,  are  all  projected  to  be  of  the  same 
magnitude.  Present  flows  needed  are  in  the  order  of  10  to  15  cfs, 
and  flows  in  the  order  of  20  cfs  will  be  needed  by  1980  on  stream 
reaches  below  all  four  towns.  In  2000,  requirements  will  be  30  to 
to  cfs,  and  in  2020,  50  to  60  cfs.  Design  flows  at  all  four  locations 
are  less  than  t cfs,  and  all  towns  presently  have  secondary  treatment. 

Below  Middlesboro,  Kentucky  in  Yellow  Creek  and  Jamestown, 
Tennessee,  in  Rockcastle  Creek,  present  flow  needs  are  10  cfs. 

These  needs  will  increase  to  12  cfs  in  19SO,  20  cfs  in  2000,  and 
25  to  30  cfs  by  2020.  The  design  flow  in  Yellow  Creek  below 
Middlesboro  is  3 cfs  and  is  greater  than  at  Jamestown,  but 
additional  flow  will  be  required  in  both  locations. 

Flow  needs  below  Livingston  on  Town  Branch,  Princeton  on 
Eddy  Creek,  and  Woodbury  on  East  Fork  Stones  River,  at  present  are 
about  5 cfs,  increasing  to  10  cfs  by  i960,  12  cfs  by  2000,  and  15  cfs 
by  2020.  Design  flows  of  the  streams  below  these  towns  are  less 
than  1 cfs.  If  storage  of  water  for  quality  control  release  is  not 
feasible  holding  ponds  could  possibly  be  used  as  a means  of  reducing 
pollution  in  critical  flow  periods  if  sufficient  land  area  can  be 
made  available. 

The  design  flow  of  the  West  Fork  Harpeth  River  is  also  less 
than  1 cfs.  There  is  need  at  present  for  12  cfs  and  with  the  high 
growth  rate  projected  for  minor  area  S-2 , there  will  be  a need  below 
Franklin  of  15  cfs  in  i960,  20  cfs  in  2000,  and  36  cfs  in  2020.  In 
areas  such  as  this  and  near  Princeton,  Springfield,  Lebanon,  Gallatin, 
and  Jamestown,  the  topography  is  not  well  suited  to  reservoir  construction, 
and  other  means  including  waste  diversion  to  larger  bodies  of  water  or 
intensive  treatment  may  have  to  be  found  for  maintaining  water  quality. 

In  the  upper  reach  of  the  basin,  a flow  requirement  of  10  cfs 
by  2020  is  projected  in  Looney  Creek  below  Lynch,  where  the  design 
flow  is  less  than  1 cfs.  Meeting  this  flow  need  will  also  provide 
adequate  dilution  for  residual  organic  loads  at  the  downstream 
communities  of  Cumberland  on  Poor  Fork  and  Harlan,  providing  the 
point  of  discharge  from  Harlan  is  relocated  from  Martin’s  Fork  to  the 
Cumberland  River. 
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Localized,  problems  requiring  up  to  a total  of  10  cfs  by  2020 
are  expected  to  occur  on  small  streams  belcrw  Monticello,  Corbin, 

Somerset  and  London.  All  of  these  towns  except  London  are  near  large 
reservoirs,  so  the  long  term  quality  problem  may  require  advanced 
treatment  methods  where  recreation  is  a factor.  There  are  undoubtedly 
other  small  tributaries  adversely  affected  by  discharge  of  residual 
wastes  remaining  after  adequate  treatment,  but  it  is  beyond  this  report 
to  define  the  scope  of  all  of  them. 

Other  quality  problems  are  those  caused  by  acid  mine  drainage 
and  thermal  power  generating  plants.  Streams  which  are  reported  to 
be  affected  by  mine  drainage  in  Kentucky  are : Poor  Fork  and  Cranks 
Creeks  in  Harlan  County;  Left  Fork  Straight  Creek,  Right  Fork  Straight 
Creek  and  Stoney  Fork  in  Bell  County;  Patterson  Creek,  Jellico  Creek 
and  Pleasant  Run  in  Whitley  County;  Marsh  Creek,  Rock  Creek  and  Wolf 
Creek  in  McCreary  County;  Raccoon  Creek,  Little  Rac  ">on  Creek  and  Wood 
Creek  in  Jackson  County.  Streams  which  are  reported  so  be  affected  by 
mine  drainage  in  Tennessee  are:  Clear  Fork  and  Straight  Creek  in 
Claiborne  County;  White  Oak  Creek  and  Hickory  Creek  in  Campbell  County; 
Phillips  Creek,  Flat  River,  Sulphur  Creek  and  Brimstone  Creek  in  Scott 
County;  Hall  Creek  in  Morgan  County;  Obey  River  in  Clay  County;  E.  Fork 
Obey  River,  Officer  Creek,  Meadow  Creek  and  Little  Laurel  Creek  in 
Fentress  County;  and  Cub  Creek  in  Overton  County.  In  addition  to  these 
streams  there  are  numerous  other  intermittent  tributaries  in  most  of  the 
counties  mentioned  which  contribute  acid  runoff  following  periods  of 
rain. 


Heat  is  added  to  streams  of  the  basin  by  four  thermal  power 
plants  having  installed  capacities  of  29.5,  1050,  67.4,  and  100 
megawatts  respectively.  The  first  two  plants  contribute  to  a rise 
in  the  temperature  of  Old  Hickory  Reservoir,  the  third  adds  heat 
to  a short  stretch  of  the  Cumberland  River  in  its  upper  reach  and 
the  fourth  adds  heat  to  Lake  Cumberland. 
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TABLE  1 

CUMBERLAND  RIVER  BASIN 
Counties 


State 

County 

Kent ucky 

Adair 

Tennessee 

Anderson 

Kentucky 

* 

Bell 

Tennessee 

Bledsoe 

Kentucky 

Caldwell 

Tennessee 

Campbell 

ff 

* 

Cannon 

Kentucky 

Casey 

Tennessee 

* 

Cheatham 

Kentucky 

* 

Christian 

Tennessee 

Claiborne 

Kentucky 

Clay 

Tennessee 

* 

Clay 

Kentucky 

* 

Clinton 

Tennessee 

Coffee 

Kentucky 

Crittenden 

n 

* 

Cumberland 

Tennessee 

Cumberland 

tr 

* 

Davidson 

ff 

* 

DeKalb 

» 

* 

Dickson 

in  Basin 

Percent  of  Land  Area  in  Basin 
7.7 
20.6 

96.2 

32.7 

44.7 

58.5 

98.1 

10.2 

100.0 

63.6 

17.2 

7.2 

81.1 

100.0 

10.4 

21.8 

89.1 

26.4 

100.0 

100.0 

75.9 
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TABIE  1 (cont’d) 

CUMBERLAND  RIVER  BASIN 

Counties  in  Basin 


Stat- 

County 

Tennessee 

* 

Fenstress 

II 

Grundy 

Kentucky 

* 

Harlan 

Tennessee 

Hickman 

11 

* 

Houston 

Kentucky 

* 

Jackson 

Tennessee 

* 

Jackson 

Kentucky 

* 

Knox 

ft 

* 

Laurel 

I* 

Letcher 

11 

Lincoln 

II 

Livingston 

II 

Logan 

II 

* 

Lyon 

If 

* 

McCreary 

Tennessee 

* 

Macon 

Kentucky 

Metcalfe 

II 

* 

Monroe 

Tennessee 

* 

Montgomery 

II 

Morgan 

If 

* 

Overton 

Percent  of  Land  Area  in  Basin 

96.5 

57.4 

86.6 

1.6 

47.2 

55.4 

100.0 

90.6 

100.0 

15.5 
22.9 

37.8 

39.4 

83.8 

100.0 

27.5 

1.6 

31.5 

100.0 

21.0 

100.0 
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TABUS  1 (cont'd) 
CUMBERLAND  RIVER  BASIN 
Counties  in  Basin 


State 

County 

Percent  o_  Land 

Tennessee 

* 

Pickett 

100.0 

Kentucky 

* 

Pulaski 

100.0 

Tennessee 

* 

Putnam 

100.0 

If 

* 

Robertson 

100.0 

Kentucky 

* 

Rockcastle 

82.6 

It 

* 

Russell 

70.6 

Tennessee 

* 

Rutherford 

100.0 

If 

* 

Scott 

100.0 

II 

Sequatchie 

20.2 

Kentucky 

Simpson 

22.7 

Tennessee 

* 

Smith 

100.0 

II 

* 

Stewart 

71.3 

If 

* 

Sumner 

70.6 

Kentucky 

* 

Todd 

64.3 

II 

* 

Trigg 

83.1 

Tennessee 

* 

Trousdale 

100.0 

If 

* 

Van  Buren 

100.0 

II 

* 

Warren 

100.0 

Kentucky 

* 

Wayne 

100.0 

Tennessee 

* 

White 

100.0 

TABLE  1 (cont’d) 

CUMBERLAND  RIVER  BASIN 

Counties  in  Basin 


State 

County 

Kentucky 

* 

Whitley 

Tennessee 

* 

Williamson 

If 

* 

Wilson 

Percent  of  Land  Area  in  Basin 
100.0 
83.7 
100.0 


^Counties  considered  in  Projective  Economic  Study 
of  Ohio  River  Basin. 


A. 
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TABLE  2 

CUMBERLAND  RIVER  BASIN 
Major  Tributaries  and  Drainage  Areas 


Tributary 

Drainage  Area 
(Sq.  Miles) 

Length  of 
Stream 
(miles) 

Miles  frcm 
confluence 
with  Ohio  River 

Cumberland  River 

17 ,914 

694 

0 

Little  River 

601 

70 

59 

Red  River 

1,^56 

56 

125 

Harpeth  River 

866 

117 

153 

Stones  River 

937 

39 

206 

Caney  Fork  River 

2,585 

144 

309 

Obey  River 

9U7 

58 

381 

Big  South  Fork  River 

1,382 

77 

516 

Rockcastle  River 

763 

53 

546 

Laurel  River 

289 

38 

552 

Population  of  Principal  Communities 


TABLE  4 


CUMBERIAND  RIVER  BASIN 
Reservoirs  - Area  100  Acres  or  Greater 


Name  Purpose 

lake  Cumberland  F,  P 

Dale  Hollow  F,  P 

Center  Hill  F,  P 

y 

J.  Percy  Priest  F,  P,  R 

Old  Hickory  P,  N 

Cheatham  N,  P 

Lake  Barkley  F,N,P,R 

u 

Cordell  Hull  P,  N,  R 

y 

Laurel  P,  R 

Great  Falls  Lake  P 

Lake  Morris  F,  W 

Lake  Boxley  F,  W 

Cranks  Creek  R 

Pine  Mountain  Lake  R 


F - Flood  Control 
P - Power 
N - Navigation 
W - Water  Supply 
R - Recreation 

1 j Under  Construction 
2 / Surcharge  - Not  allocated 


Perm. Pool 

Storage  (thousand 

acre-: 

feet) 

Area 

Mood 

Water 

(Acres) 

Control 

Supply 

Power 

Other 

35,820 

2,094 

2,142 

1,853 

21,880 

353 

496 

857 

14,590 

762 

492 

838 

10,570 

350 

34 

268 

2/ 

19,550 

125 

63 

357 

5,630 

20 

84 

45,210 

1,472 

259 

610 

9,820 

8 &I 

54 

205 

4,200 

185 

25: 

2,270 

49 

175 

1 

3 

165 

2 

2 

200 

10 

110 

to  flood  storage 
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TABLE  8 


CUMBERLAND  RIVER  BASIN 


Count ie  s 

Considered  in  Economic 

Base 

of  Adjoining  Subareas 

State 

County 

Included  in  Economic  Subarea 

Kentucky 

Adair 

P-3 

Green 

Tennessee 

Anderson 

* 

tt 

Bledsoe 

* 

Kentucky 

Caldwell 

0-1 

Ohio-Evansville 

Tennessee 

Campbell 

* 

Kentucky 

Casey 

P-3 

Green 

Tennessee 

Claiborne 

* 

Kentucky 

Clay 

M-U 

Licking- Kentucky- Salt 

Tennessee 

Coffee 

* 

Kentucky 

Crittenden 

0-1 

Ohio-Evansville 

Tennessee 

Cumberland 

* 

tt 

Grundy 

* 

tl 

Hickman 

* 

Kentucky 

Letcher 

M-4 

Licking- Kentucky-Salt 

tt 

Lincoln 

M-2 

Licking- Kentucky-Salt 

tr 

Livingston 

0-1 

Ohio-Evansville 

11 

Logan 

P-1 

Green 

tt 

Metcalfe 

P-3 

Green 

Tennessee 

Morgan 

* 

tt 

Sequatchie 

* 

Kentucky 

Simpson 

P-3 

Green 

* - Not  included  in  Projective  Economic  Study  of  Ohio  River  Basin. 
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SUMMARY 


Municipal  and  Industrial  Water  Supply  Problems 

The  Ohio  River  serves  as  a source  for  major  withdrawals 
for  municipal  and  industrial  water  supply  along  most  of  its  length. 

In  addition,  unconsolidated  glacial  outvash  and  non-glacial  river 
alluvium  along  the  river  valley  are  important  source  of  supply  for 
municipal  and  industrial  water  use.  These  unconsolidated  deposits 
and  fluvial  sediments  are  referred  to  hereafter  simply  as  alluvial 
deposits . 

The  larger  communities  dependent  on  the  river  for  surface 
supply  are  hast,  Liverpool,  Steubenville,  Ironton,  Portsmouth  and 
Cincinnati,  Ohio;  Wheeling,  and  Huntington,  West  Virginia;  Ashland, 
Kevpoqt,  Covington,  Louisville,  Henderson  and  Paducah,  Kentucky 
and  Hew  Albany  and  Rvansville,  Indiana.  The  larger  communities 
dependent  on  ground  sources  obtained  from  the  alluvium  are  Bellevue, 
Coraopolis  and  Aliquippa,  Pennsylvania;  Martins  Fergy,  Chio;  Parkers- 
burg and  Weirton,  West  Virginia;  the  Louisville  'Water  District  and 
Owensboro,  Kentucky  and  Jeffersonville,  Indiana.  Marietta  is 
supplied  with  ground  water  from  the  alluvium  of  the  Muskingum  Valley. 

Other  larger  water  using  communities  in  the  main  stem  and 
minor  tributary  drainage  areas  are  Ambridge,  Pennsylvania,  located 
on  the  Ohio  River  but  using  an  upland  source;  Salem,  Ohio,  in  the 
Little  Beaver  River  tributary  basin;  Washington  and  Canonsburg, 
Pennsylvania  using  surface  sources  in  the  Chartiers  Creek  subbasin; 
and  Lancaster  and  Athens,  Ohio  using  ground  supplies  in  the 
Hocking  River  subbasin. 

Ample  supplies  of  water  exist  in  the  main  stem  of  the  Ohio 
River  to  meet  projected  needs  providing  the  quality  of  the  water  is 
protected.  There  are  a number  of  communities  in  upland  areas  and 
tributary  drainage  basins  where  shortages  of  water  supply  will  occur 
within  the  study  period.  However,  further  development  of  present 
sources  of  supply  can  meet  these  needs. 

Water  Quad ity  Control  Problems 

Under  present  conditions  of  treatment,  monitoring  by  the  Ohio 
River  Sanitation  Commission  indicated  that,  during  the  year  1964, 
dissolved  oxygen  concentrations  at  times  in  the  main  stem  below 
Pittsburgh,  Pennsylvania;  Huntington,  West  Virginia:  Cincinnati,  Ohio 
and  Louisville,  Kentucky  were  less  than  4.0  mg/l  during  periods  of 
lower  flows. 


Based  on  the  assumption  that  all  collectable  organic  wastes 
will  receive  secondary  treatment  before  discharge  to  the  streams 
of  the  basin,  the  critical  reaches  from  the  dissolved  oxygen 
standpoint  in  the  maun  stem  Ohio  River  are  below  Pittsburgh, 
Pennsylvania  and  Cincinnati,  Ohio.  If  flow  needs  are  met  at  these 
two  points,  intermediate  and  downstream  needs  will  also  be  met. 

In  addition  to  problems  associated  with  low  dissolved  oxygen 
concentrations,  low  pH  (5.0)  values  were  observed  in  the  upper 
Ohio  River  and  high  pH  (9«0)  values  were  observed  at  Evansville 
in  the  lower  reach.  Problems  with  producing  a potable  drinking 
water  have  been  observed  at  Huntington,  West  Virginia  and  Cincinnati, 
Ohio. 


In  tributary  basins,  unsatisfactory  stream  conditions  exist 
due  to  residual  organic  waste  discharges  in  Robinson  Run  below 
McDonald,  Pennsylvania;  Chartiers  Creek  below  Washington  and 
Canonsburg,  Pennsylvania;  the  Middle  Fork  of  the  Little  Beaver 
River  below  Salem,  Ohio;  the  Hocking  River  below  Lancaster,  Logan 
and  Athens,  Ohio;  Little  Raccoon  Creek  below  Wellston,  Ohio;  the 
Mill  Creek  at  Cincinnati,  Ohio;  Laughery  Creek  below  Batesville, 
Indiana;  Big  Indian  Creek  below  Corydon,  Indiana;  Blue  River  below 
Salem,  Indiana  and  Saline  River  below  Harrisburg,  Illinois. 


n DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 

Areas  along  both  banks  of  the  Ohio  River  main  stem 
draining  directly  to  the  river  in  addition  to  drainage  areas  of 
other  tributaries  not  previously  discussed  are  included  in  this 
portion  of  the  study.  Among  these  tributaries  are  the  Hocking 
River  in  Ohio;  Twelvepole  Creek  in  West  Virginia;  Tygarts  Creek 
in  Kentucky;  Mill  Creek  in  Ohio;  Blue  River  in  Indiana;  Tradevater 
River  in  Kentucky  and  Sal ine  River  in  Illinois . 


i 


The  Allegheny  and  Monongahela  Rivers  join  at  Pittsburgh, 
Pennsylvania,  to  form  the  Ohio  River.  Frcm  Pittsburgh,  the  Ohio 
River  flows  generally  southwest  for  981  miles  to  Cairo,  Illinois, 
where  it  joins  the  Mississippi  River.  Major  cities  along  its 
banks  are  Pittsburgh,  Pennsylvania;  Wheeling,  and  Huntington, 

West  Virginia;  Cincinnati,  Ohio;  Covington  and  Louisville, 

Kentucky;  and  Evansville,  Indiana. 

The  total  fall  of  the  main  stem  is  429  feet  between 
Pittsburgh  and  Cairo.  Parts  of  6 states  lie  within  the  araa  draining 
directly  to  the  main  stem.  After  the  river  flows  40  miles  through 
Pennsylvania,  it  serves  as  the  boundary  between  Ohio,  Indiana,  and 
Illinois  on  the  north,  and  West  Virginia  and  Kentucky  on  the  south. 
Tables  la  through  le  list  the  counties  located  in  the  Ohio  River 
main  stem  drainage  area  and  the  percentage  of  their  land  area 
draining  directly  to  the  main  stem.  Table  2 gives  information  about 
a number  of  tributaries  to  the  main  stem  which  are  not  discussed 
elsewhere  in  this  report.  Figures  13-1  through  13-5  depict  the 
location  of  the  drainage  described  in  this  portion  of  the  study. 


sical  Features 


In  Pennsylvania,  the  Ohio  River  flows  within  the  unglaciated 
part  of  the  Appalachian  Plateau.  Chartiers  Creek  and  Raccoon  Creek, 
the  major  tributaries  entering  fran  the  south  in  Pennsylvania,  drain 
a hilly  unglaciated  section  of  the  plateau.  Between  the  Pennsylvania 
border  and  Wheeling,  West  Virginia  the  river  continues  to  flow 
through  an  area  unmodified  by  glacial  action,  so  the  topography  remains 
rather  rugged  and  dissected.  It  is  drained  by  many  short  streams 
entrenched  in  fairly  deep,  narrow  valleys. 


13-3 


p 


The  valley  of  the  Ohio  River  at  Point  Pleasant,  West  Virginia, 
contains  alluvial  deposits  about  two  and  one-half  miles  wide  and  in 
sane  places  these  deposits  are  over  100  feet  thick.  In  sane  places, 
the  river  flows  along  bedrock  cliffs , but  where  alluvial  deposits 
are  present,  they  are  canmonly  more  than  one-half  mile  wide.  At 
Parkersburg,  West  Virginia,  they  are  three-quarters  of  a mile  wide 
and  up  to  55  feet  thick. 

Generally  the  main  stem  valley  is  characterized  as  has  been 
described  above.  Danediately  along  the  river  there  are  alluvial 
deposits  of  varying  widths.  In  the  lower  stretch  of  the  river, 
these  deposits  range  f ran  one  mile  wide  at  Madison,  Indiana,  to  10 
miles  wide  at  Owensboro,  Kentucky.  The  valley  is  bordered  by  an 
almost  continuous  band  of  rough  unglaciated  land  fran  the  mountainous 
headwater  regions  of  western  Pennsylvania  through  the  hilly  country 
of  southeastern  Ohio  and  the  Knobs  section  of  Kentucky  and  southern 
Indiana  to  the  Ozark  uplift  of  southern  Illinois. 

The  minor  tributary  drainage  areas  are  generally  hilly  and 
rough.  The  Hocking  River  drains  an  area  of  1,200  square  miles  in 
southeastern  Ohio  and  except  for  the  glaciated  headwaters  area 
near  Lancaster,  Ohio,  the  b els  in  is  hilly  with  moderately  steep 
slopes.  The  Tygarts  Creek  subbasin  in  northeastern  Kentucky  has 
moderately  steep  slopes  and  the  Twelvepole  Creek  in  West  Virginia 
has  steep sided, rugged  drainage.  The  major  exception  to  this  pattern 
is  Mill  Creek  Basin,  which  contains  much  of  the  Cincinnati 
metropolitan  area.  The  Mill  Creek  valley  is  nearly  two  miles  wide 
and  it  follows  the  course  of  the  ancestral  Ohio  River  northward 
toward  Hamilton,  Ohio. 

There  are  three  major  reservoirs  on  the  minor  tributaries  of 
the  Ohio.  Two  of  these  are  in  Ohio  and  are  presently  operated  as  a 
part  of  the  U.  S.  Army  Corps  of  Engineers  plan  for  flood  protection 
in  the  Ohio  Basin.  The  third  reservoir  is  under  construction  on 
Twelvepole  Creek. 

Climate 


Average  annual  precipitation  along  the  main  stem  decreases 
in  the  general  direction  of  travel  upstream.  Near  the  mouth,  the 
annual  average  rainfall  is  45  to  50  inches  with  this  amount  being 
recorded  south  of  the  river  and  slightly  lesser  amounts  to  the  north 
of  the  river.  Along  most  of  the  main  stem,  the  annual  average 
precipitation  is  40  to  45  inches,  while  immediately  to  the  north  it 
may  be  less.  Along  the  river  in  the  State  of  Pennsylvania  the  rainfall 
average  is  fran  35  to  40  inches  annually. 
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Average  January  temperatures  are  3T°F  in  Paducah,  Kentucky, 
in  the  southern  third  of  the  basin,  32°F  in  Cincinnati,  Ohio  and 
31  F in  Pittsburgh,  Pennsylvania.  Average  July  temperatures  are 
80°F  in  Paducah,  T6°F  in  Cincinnati  and  7^°F  in  Pittsburgh.  The 
growing  season,  as  designated  by  the  average  number  of  frost-free 
days,  is  208  days  in  Paducah,  192  days  in  Cincinnati  and  185  days  in 
Pittsburgh. 

Principal  Communities  and  Industries 

Listed  in  Tables  3a-3e  are  the  larger  communities  of  the  main 
stem  drainage  area  with  their  populations  from  1910  to  i960.  The 
Pennsylvania  section  contains  the  heavily  industrialized  Pittsburgh 
area  with  major  manufacturing  categories  being  primary  metals, 
fabricated  metals,  including  structural  steel,  electrical  and  nonelec- 
trical machinery,  food  processing  and  other  durable  goods.  Primary 
metals,  fabricated  metals,  chemicals  and  other  durables  are  major 
employement  categories  in  the  upper  Ohio  and  Huntington  reaches  of  the 
river. 


In  the  Cincinnati  reach  of  the  river,  major  categories  of 
manufacturing  employment  are  machine  tools,  machinery,  transportation 
equipment,  food  processing,  chemicals  and  printing.  The  Louisville 
area  is  also  diversified  in  its  manufacturing.  Principal  types  of 
industry  are  food,  machinery,  lumber  and  furniture,  fabricated  metals 
and  chemicals.  The  Evansville  area  is  not  as  heavily  industrialized. 
Major  employment  categories  are  agriculture,  mining,  electrical 
machinery,  food  processing,  lumber  and  furniture.  Availability 
of  water  has  played  a large  part  in  the  selection  of  location  for 
numerous  plants  along  the  main  stem,  since  primary  metal,  chemical  and 
food  processing  industries  are  all  large  water  using  industries. 


Ill  WATER  RESOURCES 


Surface  Water  Resources 
Quantity- 

Listed.  in  Table  4 is  information  about  the  reservoirs  on 
minor  tributaries  of  the  Ohio  River.  Construction  is  just 
beginning  on  East  Lynn  Reservoir  on  Twelvepole  Creek.  The  other 
reservoirs  are  operated  primarily  for  flood  protection.  A major 
purpose  of  West  Fork  Reservoir  on  Mill  Creek  is  to  even  out  the 
pumping  load  at  the  flood  protection  barrier  dam  at  the  mouth 
of  Mill  Creek  in  Cincinnati.  Flows  on  the  main  stem  are  influenced 
by  numerous  reservoirs  on  tributary  streams  and  by  navigation  dams 
on  the  Ohio  River  itself.  As  of  1964,  38  reservoirs  had  been 
completed  by  the  Corps  of  Engineers,  and  nine  more  were  under  con- 
struction. The  various  states  also  have  reservoirs,  largely  for 
recreation.  Shown  in  Tables  5a  and  5b  is  information  excerpted  from 
data  prepared  by  the  Corps  of  Engineers,!/ about  flows  on  the  main 
stem  and  minor  tributaries. 

Quality 

The  waters  of  the  main  stem  of  the  Ohio  River  are  classified 
as  moderately  hard  to  hard  depending  on  the  season  of  the  year. 
Concentrations  show  an  inverse  relationship  to  flows.  When  the  flow 
is  high  in  the  winter  and  early  spring,  hardness  values  range  fran 
around  80  to  100  mg/l  with  the  higher  values  occurring  in  the 
downstream  reaches.  At  the  lower  flow  and  high  concentration  periods 
of  the  year,  maximum  hardness  may  range  from  200  to  275  mg/ 1,  with 
the  higher  values  occurring  in  the  middle  and  upper  stream  reaches. 

Immediately  downstream  from  Pittsburgh,  the  Ohio  is  sometimes 
acid.  The  pH  of  the  Monongahela  at  Pittsburgh  during  a recent 
year  ranged  from  4.1  to  7,  while  that  of  the  Allegheny  ranged  from 
3.7  t"  7.2  with  most  values  between  6.2  and  7.2.  The  pH  was 
under  7 quite  often.  Progressing  downstream,  the  pH  values 
gradually  rose  until  at  Evansville  the  range  of  pH  values  was 
fran  6.8  to  9.0. 


At  times , there  axe  very  low  chloride  concentrations , in  the 
order  of  5 to  15  mg/l.  Maximum  chlorides  range  from  70  to  140  mg/l, 
with  the  higher  values  being  recorded  at  Huntington  and  Cincinnati 
although  higher  values  approaching  200  mg/l  were  observed  at 
Parkersburg , West  Virginia  in  1964,  reflecting  the  influence  of  a 
heavy  salt  load  carried  by  the  Muskingum  River.  High  sulfate 
concentrations  occur  at  low  flows , again  with  the  maximum  observed 
values,  between  250  and  300  mg/l,  ceding  at  the  upstream  stations. 
Concentrations  observed  during  the  high  runoff  season  will  vary  from 
20  to  100  mg/l. 


Changes  in  quality  are  also  affected  by  discharge  of  organic 
wastes  from  municipal  sewerage  systems  and  industrial  outfalls . 

During  periods  of  low  flow  in  the  main  stem,  low  dissolved  oxygen 
concentrations  (less  than  4.0  mg/l)  have  been  recorded  below 
Pittsburgh,  Pennsylvania;  Huntington,  West  Virginia;  Cincinnati,  Ohio 
and  Louisville,  Kentucky.  Present  treatment  is  less  than  secondary 
at  all  of  these  locations.. 

Water  treatment  problems  associated  with  tastes  and  odor  are 
encountered  at  times  at  Huntington,  West  Virginia;  Cincinnati,  Ohio 
and  Evansville , Indiana. 

Some  of  the  factors  which  affect  quality  of  water  in  the  Ohio 
River  are  mine  drainage;  discharge  of  ground  water  frcm  limestone  formations; 
extraction  of  brines  for  industrial  processing  and  discharge  of  unwanted 
residues;  oil  field  brine  discharges  and  discharges  frcm  various  industrial 
processes  such  as  steel  mill  blast  furnaces,  inorganic  and  organic  chemical 
manufacturing  and  coking  operations  and  residual  organic  wastes  discharged 
by  municipalities . 

Ground  Water  Resources 

Quantity 


Glacial  and  alluvial  valley  fill  along  the  course  of  the 
Ohio  River  is  the  principal  source  of  ground  water  in  this  region. 
There  is  a plentiful  supply  and  continuous  recharge  from  surface 
flows  assures  that  this  situation  will  continue.  The  ground  water 
conditions  along  the  main  stem  axe  reported  in  detail  by  the  U.  S. 
Geological  SurveyV and  the  following  condensation  is  excerpted 
from  their  study. 


Tf  Ground-Water  Distributioi.  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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The  valley  of  the  Ohir  River  fran  Pittsburgh  to  Marietta 
contains  glacial  sediments  of  varying  hydraulic  characteristics 
which  were  transported  by  melt  water  streams  in  the  Allegheny  and 
Beaver  River  Basins.  The  valley  is  generally  0.6  to  1 mile  wide 
though  it  occasionally  narrows  to  O.k  mile,  but  at  Moundsville , 

West  Virginia,  it  is  about  2 miles  wide.  Thicknesses  of  saturated 
sediment  range  fran  20  to  60  feet.  Wells  fran  the  valley  fill 
usually  yield  more  than  100  gpm,  often  300  gpm,  and  infrequently 
as  much  as  1,500  gpm. 

Outwash  sand  and  gravel  deposits,  especially  in  the  upper 
part  of  the  Hocking  valley,  provide  large  quantities  of  water  in 
this  minor  tributary  drainage  area.  The  thickest  and  most 
permeable  outwash  deposits  occur  near  Lancaster.  They  range  frcci 
120  to  200  feet  in  thickness  and  yield  as  much  as  500  gpm  to 
individual  wells.  South  of  Lancaster,  the  deposits  become  thinner 
and  less  permeable.  Throughout  the  valley,  fine  ->and  and  poorly 
sorted  gravel  layers  limit  the  sustained  yield  of  wells  by  clogging 
well  screens,  thus  making  it  frequently  necessary  to  redevelop  the 
wells  or  drill  new  ones . 

Along  the  main  stem  fran  Maysville,  Kentucky,  to  Madison, 
Indiana,  the  alluvial  valley  is  as  narrow  as  one-half  mile  and  is 
more  than  two  miles  wide  at  sane  locations.  The  thickness  of  the 
valley  fill  is  100  to  150  feet.  Maximum  yields  from  wells  in  the 
fill,  range  from  250  to  1,000  gpm,  though  just  west  of  Covington 
sane  reported  yields  are  fran  25  to  200  gpm.  In  this  region,  wells 
located  close  to  the  river  yield  water  of  better  quality  than  wells 
drilled  near  the  valley  wall  in  which  water  is  more  highly  mineralized. 

The  Mill  Creek,  Ohio  valley  follows  the  course  of  the  ancestral 
Ohio  River.  The  trough  of  this  ancient  valley  was  subsequently  filled 
with  glacial  outwash  and  lake  clay.  In  general,  the  sand  and  gravel 
aquifer  in  the  Mill  Creek  valley  is  overlain  by  about  100  feet  of 
relatively  impermeable  lake  deposits.  These  clay  and  silt  deposits 
impede  recharge  from  the  stream  to  the  underlying  permeable  outwash 
deposits . 

Much  of  Cincinnati's  industry  is  located  in  the  Mill  Creek 
valley.  Therefore,  the  valley  fill  aquifer  has  long  been  pumped 
heavily  for  industrial  water  supplies.  Recharge  to  this  aquifer 
in  the  industrialized  area  has  been  estimated  to  be  about  8.5  mgd. 

Total  pumpage,  however,  has  for  many  years  ranged  fran  10  to  13  mgd, 
resulting  in  a perennial  overdraft  of  this  aquifer  and  declining 
ground  water  levels. 
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In  the  reach  from  Madison  to  Cairo,  the  alluvial  deposits 
range  in  width  from  one  mile  near  Madison  to  more  than  10  miles  near 
Owensboro,  and  in  thickness  from  93  to  150  feet.  Finer  grained 
sediments  generally  cover  the  coarser  glacial  sediments,  so  that 
the  rate  of  recharge  is  less  than  ir.  areas,  as  near  Louisville, 
where  river  erosion  has  exposed  the  coarse  grained  sand  and  gravel. 
Maximum  yields  from  wells  in  this  reach  range  up  to  1,500  gpm. 

Quality 

Water  withdrawn  from  the  alluvium  along  the  Ohio  is  usually 
classed  as  hard.  In  the  upper  reaches,  hardness  concentrations 
range  from  130  to  4 00  mg/l.  In  the  reach  from  Mays vi He  to  Madison, 
hardness  is  from  250  to  350  mg/l,  and  dav.nstream  from  Madison  the 
range  is  from  150  to  600  mg/l. 

Sulfate  concentrations  from  wells  in  the  upstream  valley  are 
higher  than  the  other  locations,  ranging  from  50  to  200  mg/l,  while 
in  the  regions  downstream,  the  maximum  normally  found  is  70  mg/l 
and  the  minimum  may  be  as  low  as  5 mg/l.  Chlorides  are  almost  always 
less  than  60  mg/l,  but  are  typically  less  than  20  or  30  mg/l  in  the 
middle  or  lower  valley.  Iron  concentrations  are  lowest  in  the 
middle  valley,  usually  less  than  0.2  mg/l.  Treatment  vrould  be  re- 
quired for  domestic  use  in  the  other  sections,  as  values  range  up  to 
3-5  mg/l. 

In  Hocking  River  subbasin,  hardnesses  range  from  250  to  4l0 
mg/l,  chlorides  from  2 to  35  mg/l,  and  total  dissolved  solids  from 
300  to  5^0  mg/l.  Iron  concentrations  are  such  as  to  suggest  treatment 
depending  on  the  use,  ranging  from  0.1  to  2.1  mg/l. 

Kill  Creek  valley  waters  are  very  hard  with  concentrations  of 
bicarbonate  of  300  to  500  mg/l,  moderate  sulfate  concentrations  of 
30  to  120  mg/l,  low  chlorides  of  5 to  30  mg/l,  and  a range  of  iron 
values  of  0.5  to  4 mg/l. 


'S? 
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TV  THE  ECONOMY 


The  Ohio  River  main  stem  direct  drainage  and  minor  tributaries 
economic  area  consists  generally  of  a single  tier  of  counties  of  the 
various  states  lying  generally  north  and  south  of  the  Ohio  River. 

Where  larger  minor  tributaries  such  as  the  Hocking  River  in  Ohio, 
the  Saline  River  in  Illinois,  and  the  Tradewater  River  in  Kentucky 
drain  into  the  Ohio  River,  an  effort  was  made  to  include  the  major 
portion  of  these  drainage  areas  in  the  respective  economic  areas  of 
the  Projective  Economic  Study. 

For  the  purpose  of  evaluating  water  supply  and  water  quality 
control  needs,  Economic  Area  C,  Pittsburgh  S.M.S.A.,  is  included 
with  the  main  stem  drainage,  as  it  is  located  at  the  confluence  of 
the  Allegheny  and  Monongahela  Rivers.  Organic  wastes  from  the  9 

Pittsburgh  area  influence  largely  the  needs  for  quality  control  in 
the  Upper  Ohio  portion  of  the  Ohio  River.  The  remainder  of  the  main 
stem  drainage  area  is  divided  into  five  additional  reaches;  Upper 
Ohio,  Subarea  E;  Huntington,  Subare  . H;  Cincinnati,  Subarea  K; 

Louisville,  Subarea  N and  Evansville,  Subarea  0.  The  portion  of 
the  Ohio  River  in  Subarea  C extends  from  Pittsburgh,  Pennsylvania, 
to  the  west  boundary  of  the  State  of  Pennsylvania;  the  Upper  Ohio 
Subarea  extends  from  the  west  boundary  of  Pennsylvania  to  below 
Parke, sburg,  West  Virginia;  the  Huntington  Subarea  extends  from 
Parkersburg,  West  Virginia,  to  below  Portsmouth,  Ohio;  the  Cincinnati 
Subarea  extends  from  Portsmouth,  Ohio  to  Carrollton,  Kentucky;  the 
Louisville  Subarea  extends  from  Carrollton  to  Cloverport , Kentucky; 
and  the  Evansville  Subarea  extends  from  Cloverport,  Kentucky,  to  the 
confluence  of  the  Ohio  River  with  the  Mississippi  River  at  Cairo, 

Illinois . 

Following  are  descriptions  of  each  of  the  economic  subareas 
comprising  the  main  stem  drainage  system. 


Pittsburgh  Standard  Metropolitan  Statistical  Area-Subarea  C 

The  Pittsburgh  Subarea  of  the  Projective  Economic  Study  lies 
entirely  in  Pennsylvania.  The  entire  subarea  also  composes  the 
Pittsburgh  Standard  Metropolitan  Statistical  Area  and  contains  the 
loer  reach  of  the  Monongahela  River  watershed,  the  lower  reach  of 
the  Allegheny  River  watershed,  the  lower  reach  of  the  Beaver  River 
watershed  and  of  the  Ohio  Rive/  direct  drainage  area  from  Pittsburgh 
to  the  Pennsylvania  border.  The  counties  in  the  subarea  are  listed 
in  Tables  6a-l  and  7a- 1 and  shown  on  Figure  13-1,  cage  13-106.  The 
entire  subarea  lies  within  the  area  designated  as  the  Appalachian 
Region. 
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Economic  Profile 


The  population  of  the  Pittsburgh  Subarea  was  2,405,400  in 
I960,  8l.8  percent  of  which  was  urbanized.  The  area  had  an  average 
of  788  persons  per  square  mile.  Average  personal  per  capita  income 
was  $1,91+5  compared  to  $1,855  for  Pennsylvania.  There  are  11  larger 
cities  in  the  area,  Pittsburgh  being  the  largest  with  a population 
of  604,300.  McKeesport  in  the  Monongahe la  River  drainage  area,  is 
next  with  a population  of  45,500-  Nine  other  cities  in  the  subarea 
are  within  the  12,000-24,000  population  range. 

Manufacturing  is  the  most  important  employment  category. 

However,  total  manufacturing  employment  is  expected  to  manifest  a 
small  absolute  decline  through  the  year  2000.  Between  1958  and 
1964,  in  the  four  county  area,  manufacturing  establisliments  employing 
100  workers  or  over  declined  from  368  to  3?1,  with  Allegheny  County 
accounting  for  45  of  the  total  47  plants.  Allegheny  County,  the 
most  important  county  in  the  area,  accounted  for  18 4 of  the  total 
321  plants.  The  most  important  industries  in  the  subarea  are  primary 
metal,  machinery  (including  electrical  machinery),  fabricated  metal, 
and  other  durables.  There  axe  22  thermal  power  generating  plants 
located  in  the  subarea  having  a total  generating  capacity  of  2,°t'1.2 
megawatts. 

Mining  activity  is  the  second  most  important  employment 
category  and  is  dominated  by  coal  extraction.  In  I960,  18.8  million 
tons  of  coal  were  produced  equaling  28.3  percent  of  Pennsylvania’s 
total  production.  The  remaining  activity  in  mining  is  confined  to 
a small  amount  of  oil  production,  211,000  barrels  in  I960,  and  to 
stone,  sand  and  gravel  extraction. 

The  value  of  agricultural  products  sold  increased  $3-1  million 
between  1954  and  1959  to  a total  of  $32-5  million  by  1959.  Approximately 
64  percent  of  the  latter  figure  was  accounted  for  by  livestock  products. 
One  hundred  and  fifty  thousand  acres  we:e  taken  out  of  farm  production 
between  1954  and  1959-  In  1959,  650  acres  were  irrigated. 

Projected  Population  and  Industrial  Activity 

The  Pittsburgh  Subarea  population  is  projected  to  increase 
from  2,405,400  in  I960  to  2,654,000  by  I98O  and  to  3,300,000  by  2020. 
Table  6a- 1 shows  the  base  and  projected  population  for  Subarea  C. 

In  i960,  the  population  of  the  Pittsburgh  Subarea  accounted  for  12.6 
percent  of  the  total  Ohio  River  Basin  population  but  is  expected  to 
account  for  only  9.5  percent  by  the  year  2020. 


Agricultural  output  is  projected  to  decline  slightly  from 
$83  million  in  1Q60  to  $78.4  million  by  IQ60  and  then  increase  to 
$106  million  by  the  year  2010.  Total  output  in  mining,  however,  is 
projected  to  manifest  a steady  increase  frcm  $137.6  million  in  1Q60 
to  $480  million  by  2010. 

Although  employment  in  manufacturing  is  expected  to  show  a 
decline  from  the  i960  figure,  manufacturing  output  is  expected  to 
increase  from  $7.7  billion  in  ln60  to  $21.1  billion  by  2010. 

Table  7&-1  shows  1060  output,  employment  and  manufacturing 
employment.  Projections  to  1^80,  2000  and  2020  for  the  subarea 
are  shown  as  indices  using  1060  as  the  base. 


The  Upper  Ohio  Subarea  contains  the  area  lying  on  both  sides 
of  the  Ohio  River  beginning  at  the  Pennsylvania  border  and  extending 
downstream  to  the  confluence  of  the  Hocking  River  with  the  Ohio  River. 
The  subarea  is  roughly  coextensive  with  the  direct  drainage  watershed 
of  the  Ohio  River  along  this  stretch  but  also  includes  the  lower 
reaches  of  the  Muskingum  and  Hocking  Rivers  in  Ohio  and  the  lower 
reaches  of  the  Little  Kanawha  River  in  best  Virginia.  The  area  is 
divided  into  two  minor  a>eas,  E-l  and  E-2,  to  facilitate  future 
estimates  of  water  requirements  and  v'aste  loads.  The  E-l  a'ea  includes 
the  eight  southern  counties,  the  E-2  area  the  seven  nort  ern  counties. 
The  counties  in  each  minor  area  are  listed  in  '’ables  6a-2  and  7a-2 
and  shown  on  Figure  13-1 , page  13-108.  The  entire  subarea  lies  within 
the  area  designated  as  the  Appalachian.  Region  with  the  exception  of 
Columbiana  County,  Ohio. 

Economic  Profiles 

Minor  Area  E-l 

The  E-l  minor  area  population  was  235 >700  in  i960.  Three  larger 
cities  are  located  in  the  area.  They  are  Athens  and  Marietta,  Ohio, 
and  Parkersburg,  West  Virginia,  with  populations  of  16,500,  16,600, 
and  78,300  respectively.  Average  personal  per  capita  income  in  the 
counties  comprising  minor  area  E-l  was  $1,405  compared  to  an  average 
of  $1,957  in  Ohio  and  $1,378  in  West  Virginia. 
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Manufacturing  is  the  most  important  employment  category  in 
this  minor  area.  Establishments  employing  100  workers  or  over 
manifested  a decline  from  a total  of  43  in  1958  to  40  in  1964. 

The  most  important  industries  are  chemicals  and  allied  products , 
primary  metals,  other  durables,  and  fabricated  metals.  A total  of 
seven  thermal  power  generating  plants  are  located  in  the  minor  area 
having  a total  generating  capacity  of  1,557.8  megawatts. 

Agricultural  employment  in  i960  (4,300)  was  only  35  percent 
of  the  1950  figure,  and  269,000  acres  were  taken  out  of  farm 
production  between  1954  and  1959.  However,  the  total  value  of  farm 
products  sold  was  nearly  the  same  in  both  1954  and  1959,  about  $14.3 
million.  Seventy-seven  percent  of  the  latter  figure  was  accounted  for 
by  livestock  products.  About  400  acres  were  irrigated  in  1959- 

Mining  activity  is  confined  primarily  to  coal,  gas,  and  oil 
extraction.  Coal  production  occurs  primarily  in  Athens  and  Washington 
Counties  in  Ohio  and  amounted  to  about  550,000  tons.  Gas  and  oil 
production  figures  are  not  published  on' a county  basis  in  Ohio  or  in 
West  Virginia,  but  the  number  of  producing  wells  that  are  drilled 
each  year  is  published  by  county  in  both  states.  In  1962,  k8  new 
producing  gas  wells  and  119  new  producing  oil  wells  were  brought 
into  production  in  the  Ohio  counties  in  the  area,  representing  19.8 
percent  and  20  percent  respectively  of  the  total  number  of  new  wells 
that  year  in  Ohio.  In  1963,  77  new  gas  wells  and  60  new  oil  wells 
were  brought  into  production  in  the  West  Virginia  counties  in  the 
area  representing  12  percent  and  61.9  percent  respectively  of  the 
total  number  of  new  wells  that  year  in  West  Virginia. 

Minor  Area  E-2 

There  are  two  Standard  Metropolitan  Statistical  Areas  in  minor 
area  E-2.  Steubenville-Weirton , Ohio  and  West  Virginia  and  Wheeling, 
West  Virginia.  The  Steubenville-Weirton  S.M.S.A.  includes  Jefferson 
County,  Ohio  and  Brooke  and  Hancock  Counties  in  West  Virginia. 
Wheeling,  West  Virginia  S.M.S.A.  includes  Marshall  and  Ohio  Counties 
in  West  Virginia  and  Belmont  County  in  Ohio.  Columbiana  County,  Ohio 
is  the  only  county  in  minor  area  E-2  not  included  in  a Standard 
Metropolitan  Statistical  Area.  Average  personal  per  capita  incane 
amounted  to  $1,716.  The  i960  population  of  E-2  was  465,000.  Eight 
larger  cities  are  located  in  the  area,  with  Wheeling,  West  Virginia 
being  the  largest  with  a population  of  53,400,  Steubenville,  Ohio  next 
with  a population  of  32,500,  and  the  others  having  populations  between 
12,000  and  24,000. 


The  total  number  of  establishments  employing  100  workers  or 
more  declined  from  98  in  1958  to  95  in  1964.  The  most  important 
industries  are  primary  metals,  other  durables,  machinery  (including 
electrical  machinery),  and  fabricated  metals.  Ten  thermal  power 


Bituminous  coal  extraction  is  of  signal  importance  in  the 
mining  industry  in  the  area.  In  i960,  11.4  million  tons  were  produced. 
All  other  activity  is  primarily  confined  to  stone,  sand,  «nri  gravel 
extraction. 


Agriculture  employment  in  i960  (4,600)  was  54  percent  of  the 
1950  figure,  ranking  it  below  manufacturing,  construction,  and  m-tr^ng 
in  the  commodity  group.  Although  111,000  acres  were  taken  out  of  farm 
production  during  xhe  period  1954-1959,  the  total  value  of  farm 
products  sold  increased  approximately  $1.5  million  during  the  period 
to  a 1959  total  of  $9.6  million.  Dairy  products,  the  dominate  compon- 
ent, ad counted  for  4l  percent  of  total  farm  sales  in  1959.  Approxi- 
mately 100  acre s were  under  irrigation  in  1959. 

Projected  Population  and  Industrial  Activity 

The  Upper  Ohio  Subarea  population  is  project  to  increase  fran 
700,700  in  i960  to  990,000  by  2020.  Whereas  the  area  population 
represented  3.7  percent  of  the  Chio  River  Basin  population  in  i960, 
it  is  projected  to  represent  about  2.8  percent  by  2020.  Table  6a-2 
shows  the  base  and  projected  population  for  E-l  and  E-2  minor  areas. 

While  agricultural  output  is  expected  to  increase  from  $96.1 
^41 ion  in  i960  to  $126.9  million  by  2020,  mining  output  is  expected 
to  increase  from  $134.1  million  in  i960  to  $834.1  million  by  2010. 
Output  frc*n  manufacturing  is  expected  to  increase  from  $2.1  billion 
in  i960  to  $5.5  billion  by  2010. 

Table  7 e-2  shows  i960  output,  employment  and  manufacturing 
employment . Projections  to  1980,  2000  and  2020  for  the  minor  areas 
are  shown  cm  indices  using  i960  as  the  base. 

In  addition  to  the  counties  included  in  the  Upper  Chio  Subarea 
in  the  Projective  Economic  Study,  fourteen  other  counties  have  land 
areas  within  the  basin.  These  counties  are  listed  in  Table  8a. 

Ohio- Huntington- -Subarea  H 


ftie  Chio- Huntington  Subarea  of  the  Projective  Economic 
Study  is  approximately  centered  on  Huntington,  West  Virginia,  and 
lies  in  Chio,  West  Virginia,  and  Kentucky.  It  roughly  encompasses 
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the  drainage  area  of  the  Ohio  River  along  this  stretch  but  also 
contains  the  lower  reach  of  the  Scioto  River  in  Ohio  and  the  lower 
reaches  of  the  Kanawha,  Guyandotte,  Big  Sandy  and  Little  Sandy  Rivers 
in  West  Virginia.  To  facilitate  estimates  of  future  water  require- 
ments and  waste  loads,  the  subarea  has  been  divided  into  three  minor 
areas,  H-l,  H-2,  and  H-3.  The  four  western  counties  of  the  subarea 
compose  the  H-l  area,  the  four  southern  counties  compose  the  H-2  area, 
and  H-3  contains  the  six  eastern  counties.  The  counties  in  each  minor 
area  are  listed  in  Tables  6b  and  7b  and  shown  on  Figure  13-2,  page  13-109. 
All  of  the  subarea  lies  within  the  area  designated  as  the  Appalachian 
Region . 

Economic  Profiles 
Minor  Area  H-l 

The  minor  area  H-l  population  was  145,900  in  i960  and  the  area 
contained  one  larger  city,  Portsmouth,  Ohio,  population  33,600. 

Average  personal  per  capita  income  in  the  area  at  $1,295  was  below 
the  average  of  $1,957  for  Ohio  and  $1,322  for  Kentucky. 

Manufacturing  is  the  dominant  employment  commodity  group  in 
the  area.  Establishments  employing  100  or  more  workers  increased 
from  a total  of  10  in  1958  to  15  in  19t>4.  Eleven  of  the  15  plants 
in  1964  were  located  in  Pike  County,  Ohio.  T*®  most  important 
industries  are  primary  metals  (Pike  County  has  one  plant  employing 
over  1,000  workers),  other  nondurables,  chemicals  and  allied  products, 
furniture  and  wood  products.  One  thermal  power  generating  plant  is 
located  in  the  minor  area,  having  a 21.5  megawatt  capacity. 


Agriculture  has  followed  historical  trends  as  noted  elsewhere 
in  the  region.  Employment  in  i960  was  less  than  half  the  1950  figure, 
and  83,000  acres  had  been  taken  out  of  farm  production  between  1954  and 
1959.  The  total  value  of  farm  products  sold  increased  over  the  1954 
figure  of  $11.5  million  to  a total  of  $13.3  million  in  1959-  Less  than 
300  acres  were  irrigated  by  1959- 


Mining  activity  is  confined  largely  to  extraction  of  stone, 
sand,  gravel,  and  clay  products.  There  were  four  producing  gas  wells 
drilled  in  1962  in  Scioto  County,  Ohio. 


Minor  Area  H-2 

Minor  area  H-2  is  designated  the  Huntington-Ashland  Standard 
Metropolitan  Statistical  Area.  Sixty-two  percent  of  the  I960  population 
of  254,800  lived  in  urbanized  areas.  The  three  larger  cities  are 
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Huntington,  West  Virginia,  Ashland,  Kentucky,  and  Ironton,  Ohio 
having  populations  of  83,600,  31/300  and  15,000  respectively. 

Average  personal  per  capita  income  in  i960  equaled  $1,558  compared 
to  $1,957  in  Ohio,  $1,378  in  West  Virginia,  and  $1,322  in  Kentucky. 

Manufacturing  is  the  most  important  employment  category  in 
the  area.  Establishments  employing  100  workers  or  over  increased 
from  36  in  1958  to  40  in  1964.  Cabell  County,  West  Virginia 
accounted  for  one-half  of  the  plants.  The  most  important  industries 
are  primary  metals,  other  durables,  chemicals  and  allied  products, 
and  other  nondurables.  The  thermal  power  generating  plant  that  is 
located  in  the  minor  area  has  a capacity  of  15  megawatts. 

The  i960  agricultural  employment  figure  of  1,700  represents 
only  30  percent  of  the  1950  figure,  and  153,000  acres  were  taken 
out  of  farm  production  between  1954  and  1959*  Nevertheless  the 
total  values  of  farm  products  sold  in  1954  and  1959  were  similar  at 
about  $5.5  million.  By  1959,  200  acres  were  irrigated. 

In  i960,  524,400  tons  of  coal  were  produced  in  the  area,  86 
percent  coming  from  Lawrence  County,  Chio.  During  the  year  1962, 

12  producing  gas  wells  were  brought  into  production. 

Minor  Area  H-3 

Minor  area  H-3  is  a relatively  sparsely  settled  area,  having 
an  average  density  of  50  persons  per  square  mile  compared  to  237 
persons  in  Ohio  and  77  in  West  Virginia.  The  i960  population  was 
131,000,  and  there  were  no  cities  of  10,000  population  or  over. 

Average  personal  per  capita  income  was  $1,214  in  i960  in  contrast 
to  1,957  in  Ohio  and  $1,378  in  West  Virginia. 

Manufacturing  is  the  most  important  employment  category, 
although  the  number  of  establishments  employing  100  workers  or  over 
declined  from  16  in  1958  to  14  in  1964.  The  most  important  industries 
are  primary  metals,  chemical,  and  allied  products,  other  durables, 
and  food  processing.  Two  thermal  power  generating  plants  are  located 
in  the  area  having  a total  capacity  of  2,146-3  megawatts. 

The  total  value  of  farm  products  sold  in  1959  was  maintained 
at  the  1954  figure  of  $16.5  million,  68  percent  of  which  was  livestock 
products.  However,  183,000  acres  were  taken  out  of  farm  production 
between  1954  and  1959,  and  the  i960  employment  figure  of  4,400  was 
only  41.5  percent  of  the  1950  figure.  Less  than  500  acres  were 
irrigated  in  1959- 
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Coal,  gas,  and  oil  extraction  dominate  the  mining  industry- 
in  the  area.  In  the  Chio  counties  during  i960,  2.1  million  tons  of 
coal  were  produced,  equaling  six  percent  of  Ohio's  total  production. 
During  1962,  14  new  producing  oil  wells  and  10  new  producing  gas 
wells  were  brought  into  production. 

Projected  Population  and  Industrial  Activity 

Population  of  the  Ghio-Huntington  Subarea  is  projected  to 
increase  from  531,700  in  i960  to  599,600  in  1980  and  to  795,000  by 
the  year  2020.  The  i960  subarea  population  represented  2.8  percent 
of  the  entire  Ohio  River  Basin  population;  by  2020  the  subarea  is 
projected  to  contain  only  2.3  percent  of  the  entire  population. 

Table  6b  shows  the  base  and  projected  population  for  H-l,  H-2,  and 
H-3  minor  areas. 

Agricultural  output  is  projected  to  increase  from  $118.6 
1 million  in  i960  to  $145*7  million  in  2010  while  mining  output  is 

projected  to  increase  from  $69.9  million  in  i960  to  -$453.9  million 
by  2010.  Manufacturing  output  is  expected  to  increase  from  $1.2 
billion  in  i960  to  $5-7  billion  in  2010. 

Table  7b  shows  i960  output,  employment  and  manufacturing 
employment.  Projections  to  1980,  2000  and  2020  for  the  minor  areas 
are  shown  as  indices  using  i960  as  the  base. 

In  addition  to  the  counties  included  in  the  Ohio- Huntington 
Subarea  in  the  Projective  Economic  Study,  eight  other  counties  have 
land  areas  within  the  basin.  These  counties  are  listed  in  Table  8b. 


Ohio-Cincinnati--Subarea  K 

' 

The  Ohio- Cincinnati  Subarea  straddles  the  Chio  River  and  is 
centered  on  Cincinnati,  Ohio.  It  includes  portions  of  the  States  of 
Indiana,  Kentucky,  and  Chio  and  contains  the  lover  reaches  of  the 
Miami  and  Little  Miami  Rivers  in  Chio  and  the  Licking  River  in 
Kentucky.  The  subarea  has  been  divided  into  three  minor  areas,  K-l, 
K-2,  and  K-3,  to  facilitate  estimates  of  future  water  requirements 
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and  waste  loads.  Minor  area  K-l  includes  the  five  western  counties 
of  the  subarea,  K-2  the  middle  five  counties,  and  K-3  the  eastern 
four  counties  of  the  subarea.  Listed  in  Tables  Sc  and  7c  and  shown 
on  Figure  13-3,  page  13-115'  are  the  counties  included  in  these 
minor  areas.  Three  Ohio  counties,  Clermont,  Brown,  and  Adams,  are 
within  the  area  designated  as  the  Appalachian  Region. 

Economic  Profiles 


Minor  Area  K-l 

The  population  in  this  minor  area  amounted  to  64,500  in  1960» 
with  no  cities  located  in  the  area  with  populations  of  10,000  or  over. 
Twenty- four  percent  of  the  population  lived  in  urbanized  places. 

Average  personal  per  capita  inccme  was  $1,473  in  i960  compared  to 
$1,832  in  Indiana  and  $1,322  in  Kentucky. 

Manufacturing  is  the  most  important  employment  category  in 
the  area.  Those  establishments  employing  100  workers  or  over  increased 
from  11  in  1958  to  l6  in  1964.  The  most  important  industries  are  food 
processing,  other  nondurables,  other  durables,  and  furniture  and  wood 
products.  One  thermal  power  generating  plant  is  located  in  the  area 
with  a capacity  of  518  megawatts. 

Agriculture  is  next  in  importance  and  has  followed  historical 
trends.  Whereas  the  i960  employment  of  3 >700  ras  only  55  percent  of 
1950  employment,  and  whereas  34,000  acres  have  been  taken  out  of 
farm  production  during  the  period  1954-1959,  the  total  value  of  farm 
products  sold  was  $3  million  greater  than  the  1954  figure  amounting 
to  $20.2  million  in  1959.  Approximately  53  percent  of  this  total 
was  accounted  for  by  livestock  products.  Approximately  350  acres 
were  irrigated  in  1959- 

Mining  activity  is  confined  to  stone,  sand,  and  gravel  extraction. 

Minor  Area  K-2 

Hamilton  County  in  Ohio  and  Campbell  and  Kenton  Counties  in 
Kentucky  compose  the  Cincinnati  Standard  Metropolitan  Statistical 
Area.  Ninety-one  percent  of  the  1,174,000  population  of  the  minor 
area  resided  in  these  three  counties  in  i960.  The  average  personal 
per  capita  income  in  these  three  counties  in  i960  was  $2,103  compared 
to  $1,670  in  the  remaining  two  counties.  The  average  personal  per 
capita  incomes  in  Kentucky  and  Ohio  for  that  year  were  $1,322  and 
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$1,957  respectively.  The  K-2  area  averaged  815  persons  per  square 
mile.  Three  larger  cities,  Covington,  Newport,  and  Fort  Thcmas , 
are  located  on  the  Kentucky  side  of  the  Ohio  River  with  populations 
of  60,400,  30,100  and  14,900  respectively.  Five  larger  cities  sure 
located  on  the  Ohio  side,  Cincinnati  and  Norwood  being  the  largest 
with  populations  of  502,600  and  34,600,  respectively.  The  remaining 
three  cities  are  in  the  10,000-13,000  population  range. 

Manufacturing  employment  accounted  for  one-third  of  total 
employment  in  this  minor  area  in  i960,  the  most  important  industries 
being  machinery  (including  electrical  machinery),  food  processing, 
chemicals  and  allied  products,  and  printing  and  allied  products. 

The  number  of  establishments  employing  100  workers  or  more  increased 
from  260  in  1958  to  271  by  1964.  Hamilton  County  accounted  for  252 
of  the  1964  total  and  for  8 of  the  11  new  establishments.  Nine  thermal 
power  generating  plants  and  one  pulp  mill  are  located  in  the  area 
having  total  capacities  of  1,592.2  megawatts  and  95  tons  per  day 
respectively. 

Agricultural  employment  during  the  period  I95O-I96O,  declined 
at  an  average  annual  rate  of  5-9  percent.  One  hundred  thousand 
acres  were  taken  out  of  farm  production  between  1954  and  1959,  but 
the  value  of  farm  products  sold  in  1959  was  maintained  at  about  the 
1954  figure  of  $19*5  million.  Crops  and  livestock  products  each 
accounted  for  about  half  of  this  figure.  Approximately  770  acres 
were  irrigated  in  1959. 

Mining  activity  is  confined  to  stone,  sand,  and  gravel  extraction. 

Minor  Area  K-3 

The  K-3  minor  area  had  a i960  population  of  71,100  with  no 
cities  with  populations  of  10,000  or  over.  Average  personal  per 
capita  income  at  $1,153  was  below  that  for  Ohio  or  Kentucky,  of 
$1,957  and  $1,322  respectively. 

Agriculture  is  the  most  important  employment  category  in  this 
minor  area.  During  the  period  1950-1960,  agricultural  employment 
declined  at  an  average  annual  rate  of  4.7  percent  to  a i960  total 
of  6,600.  From  i960  to  the  year  2000,  the  annual  rate  of  decline 
is  expected  to  be  only  2 percent.  Nevertheless,  the  total  value  of 
farm  products  sold  increased  $2.7  million  over  the  1954  total, 
amounting  to  $27.7  million  by  1959.  Crops  and  livestock  products 
each  accounted  for  about  49  percent  of  the  1959  figure.  Approximately 
200  acres  were  irrigated  in  1959* 


A 


13-19 


The  most  important  manufacturing  industries  are  machinery 
(including  electrical  machinery),  other  nondurables,  food 
processing,  and  transportation  equipment  excluding  motor  vehicles. 
There  were  seven  establishments  in  1958  enqploying  100  workers  or 
over  and  eight  such  plants  in  1964. 

No  mining  employment  was  reported  in  i960. 

Projected  Population  and  Industrial  Activity 

Population  of  the  Ohio-Cincinnati  Subarea  is  projected  to 
increase  from  the  i960  population  of  1.3  million  to  1.9  million 
by  the  year  2000  and  2.2  million  by  2020.  The  subarea  contained 
6.9  percent  of  the  total  Ohio  River  Basin  population  in  i960  and  is 
expected  to  contain  6.4  percent  by  2020.  Table  6c  shows  the  base 
and  projected  populations  for  the  K-l,  K-2,  and  K-3  minor  areas. 

Agricultural  output  in  the  subarea  is  expected  to  increase 
from  $166  million  in  i960  to  $252  million  by  2020.  Mining  output 
is  projected  to  increase  at  a faster  rate,  from  $11.3  million  in  i960 
to  $48.3  million  by  2010.  The  biggest  gains  in  the  subarea  are 
projected  to  take  place  in  manufacturing.  Manufacturing  output  is 
expected  to  increase  from  $3-7  billion  in  i960  to  $17.9  billion  by 
2010. 


Table  Jc  shows  i960  output,  employment  and  manufacturing 
employment.  Projections  to  1980,  2000  and  2020  for  the  minor  areas 
are  shown  as  indices  using  i960  as  the  base. 

In  addition  to  the  counties  included  in  the  Chio- Cincinnati 
Subarea  in  the  Projective  Economic  Study,  six  other  counties  have 
land  areas  within  the  basin  and  are  listed  in  Table  8c. 


Ohio- Louisville- -Subarea  N 

The  Chio- Louisville  Subarea  of  the  Projective  Economic  Study 
is  located  on  either  side  of  the  Ohio  River  and  is  centered  roughly 
on  Louisville,  Kentucky.  Included  in  the  area  are  the  lower  reaches 
of  the  Kentucky  and  Salt  Rivers  in  Kentucky.  The  subarea  has  been 
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divided  into  three  minor  areas,  N-l,  N-2,  and  N-3,  to  facilitate 
estimates  of  future  water  requirements  and  waste  loads.  The  N-l 
minor  area  includes  the  four  downstream  counties,  the  N-2  minor 
area  includes  the  middle  five  counties,  and  N-3  the  three  upstream 
counties  of  the  subarea.  The  counties  in  each  minor  area  are 
listed  in  Tables  6d  and  7&  and  shown  on  Figure  13-*+,  page  13-111. 

Economic  Profiles 


Minor  Area  N-l 

Total  I960  population  amounted  to  61,200,  4.4  percent  of 
which  were  classified  as  urban,  and  there  were  no  cities  with 
populations  of  10,000  or  over  located  in  the  area.  Average  personal 
per  capita  income  was  $1,160  in  i960  compared  to  $1,322  in  Kentucky 
and  $1,832  in  Indiana. 

Agriculture  is  the  most  important  employment  category  in  the 
minor  area.  The  i960  agricultural  employment  figure  of  4,500  was 
only  54  percent  of  the  1950  figure.  The  number  of  acres  in  farm 
production  declined  slightly,  from  809,000  acres  in  1954  to  795,000 
acres  in  1959.  The  total  value  of  farm  products  sold  increased 
from  $16  million  in  1954  to  $23-3  million  in  1959*  Poultry  and 
poultry  products  accounted  for  an  unusually  large  part  of  the 
latter  amount  (21.2  percent).  Livestock  products  accounted  for  52.9 
percent  of  the  1959  total.  Less  than  100  acres  were  irrigated  in 
1959- 


Manufacturing  employment  increased  at  an  average  annual  rate 
of  4.8  percent  from  1950  to  i960.  There  were  four  manufacturing 
establishments  employing  100  workers  or  over  in  both  1958  and  1964. 
The  most  important  industries  are  furniture  and  wood  products, 
chemicals  and  allied  products,  food  processing,  and  machinery 
(including  electrical  machinery). 

No  mining  employment  was  reported  for  i960. 

Minor  Area  N-2 

The  i960  population  was  754,200,  82.3  percent  classified  as 
urban.  The  number  of  people  per  square  mile  averaged  542.  Average 
personal  per  capita  income  was  $1,824  compared  to  $1,322  in  Kentucky 
and  $1,832  in  Indiana.  The  three  counties  of  Clark  and  Floyd  in 


Indiana  and  Jefferson  in  Kentucky  compose  the  Louisville  Standard 
Metropolitan  Statistical  Area,  Five  larger  cities  are  located  in 
the  area,  Louisville,  Kentucky,  and  New  Albany,  Indiana,  being  the 
largest  with  respective  populations  of  390,600  and  37,800.  The 
other  three  cities  are  in  the  10,000-20,000  population  range. 

Manufacturing  is  the  most  important  employment  category.  In 
1964,  there  were  142  manufacturing  establishments  employing  100 
workers  or  over.  The  most  important  industries  are  machinery 
(including  electrical  machinery),  food  processing,  other  nondurables, 
and  fabricated  metals.  There  are  seven  thermal  power  generating 
plants  located  in  the  minor  area  with  a total  capacity  of  1,653.8 
megawatts. 

The  total  value  of  farm  products  sold  increased  from  $18 
million  in  1954  to  $20.3  million  in  1959*  Approximately  58  percent 
of  the  1959  figure  was  accounted  for  by  livestock  products.  Six 
hundred  acres  were  under  irrigation  in  1959. 

Mining  activity  is  confined  to  stone,  sand,  gravel  and  clay. 

Minor  Area  N-3 

The  i960  population  was  37,200,  35.7  percent  classified  as 
urban.  Average  personal  per  capita  income  equaled  $1,344,  compared 
to  $1,322  in  Kentucky  and  $1,832  in  Indiana.  Madison,  Indiana, 
with  a i960  population  of  10,500,  is  located  in  the  minor  area. 


Agriculture  is  the  most  important  employment  category.  The 
total  value  of  farm  products  sold  increased  from  $9.2  million  in 
1954  to  $11.3  million  in  1959*  All  crops  accounted  foi  54  percent 
of  the  total  1959  figure.  Less  than  300  acres  were  irrigated  by 
1959. 


Manufacturing  establishments  employing  100  or  more  workers 
increased  from  five  in  1958  to  11  in  1964.  The  most  important 
industries  are  other  nondurables,  machinery  (including  electrical 
machinery),  food  processing,  and  other  durables.  One  thermal  power 
generating  plant  is  located  in  the  minor  area  having  a capacity 
of  1,304  megawatts. 

Mining  activity  is  confined  mainly  to  stone,  sand,  and  gravel 
production. 


Projected  Population  and  Industrial  Activity 

Papulation  of  the  Ohio- Louisville  Subarea  is  projected  to 
increase  from  852,600  in  i960  to  1,820,000  by  the  year  2020.  The 
subarea  population  in  i960  accounted  for  4.3  percent  of  the  total 
Chio  River  Basin  population  but  is  projected  to  contain  5*2  percent 
by  the  year  2020.  Table  6d  shows  the  base  and  projected  population 
for  N-l,  N-2,  and  N-3  minor  areas. 

Agricultural  output  is  projected  to  increase  from  $127-6 
million  in  i960  to  $191-9  million  by  2010.  Mining  output  is 
projected  to  increase  from  $22.2  million  in  i960  to  $120.5  million 
by  2010. 

The  greatest  gain  is  expected  in  Manufacturing.  Total  output 
is  projected  to  increase  frcsn  $2.2  billion  in  i960  to  $l4.4  billion 
by  the  year  2010. 

Table  7d  shows  i960  manufacturing  output,  total  employment 
and  manufacturing  employment . Projections  to  1980,  2000  and  2020 
for  the  minor  areas  are  shown  as  indices  using  i960  as  the  base. 

In  addition  to  the  counties  included  in  the  Ohio-Louisville 
Subarea  in  the  Projective  Economic  Study,  five  other  counties  have 
land  areas  within  the  basin.  These  counties  are  listed  in  Table  8d. 


Ohio- Evansville- -Subarea  0 

The  Lower  Ohio- Evansville  Subarea  of  the  Projective  Economic 
Study  straddles  the  lower  reaches  of  the  Ohio  River  and  is  centered 
roughly  on  Evansville,  Indiana.  It  includes  portions  of  the  States 
of  Illinois,  Indiana,  and  Kentucky.  The  subarea  is  approximately 
coextensive  with  the  direct  drainage  area  of  the  Cfctio  River  along 
this  stretch.  Included  in  the  subarea  is  the  lower  reach  of  the 
Wabash  River  in  Indiana  and  Illinois  and  portions  of  the  lower 
reaches  of  the  Tennessee,  Cumberland  and  Green  Rivers  in  Kentucky. 

To  facilitate  future  estimates  of  water  requirements  and  waste  loads, 
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the  subarea  has  been  divided  into  three  minor  areas;  0-1,  0-2,  and 
0-3.  Minor  area  0-1  includes  the  15  downstream  counties,  0-2  the 
middle  two  counties,  and  0-3  the  six  upstream  counties.  The 
counties  in  each  minor  area  are  listed  in  Tables  6e  and  Ye  and 
shown  in  Figure  13-5,  page  13-112. 

Economic  Profiles 


Minor  Area  0-1 

The  i960  population  of  minor  area  0-1  was  217,700,  33. 9 
percent  classified  as  urban  population.  Average  personal  per  capita 
income  was  $1,300  compared  to  $2,l8l  in  Illinois  and  $1,322  in 
Kentucky.  Two  larger  cities  are  located  in  the  area  , Harrisburg, 
Illinois  and  Paducah,  Kentucky,  with  populations  of  about  9,200 
and  34,500  respectively. 

Manufacturing  is  the  most  important  employment  category. 
Establishments  employing  100  workers  or  more  increased  from  16  in 
1958  to  24  in  1964.  The  most  important  industries  are  chemicals 
and  allied  products,  machinery  (including  electrical  machinery), 
food  processing,  and  furniture  and  wood  products.  Two  thermal 
power  generating  plants  are  located  in  this  minor  area  having  a total 
capacity  of  2,600.3  megawatts. 

During  the  period  1C>54-1C>5C),  the  total  value  of  farm  products 
sold  increased  from  $46.2  million  to  $54.7  million.  Approximately 
53  percent  of  the  latter  figure  was  accounted  for  by  livestock 
products.  During  this  same  period,  316,000  acres  were  taken  out  of 
farm  production.  Agricultural  employment  fell  from  20,300  in  1Q50 
to  9,700  in  i960.  In  1Q5°,  250  acres  were  irrigated. 

Mineral  extraction  is  an  important  industry  in  this  minor 
area.  In  i960,  7.1  million  tons  of  coal  were  produced,  86  percent 
of  which  came  from  Union  and  Webster  Counties  in  Kentucky  and  Saline 
County  in  Illinois.  The  total  extraction  of  coal  in  the  area  equaled 
15.5  percent  of  the  total  coal  produced  in  Illinois  and  10.7  percent 
of  the  total  coal  produced  in  Kentucky.  Although  total  crude  oil 
production  data  are  not  available  at  this  time,  the  area  produced  in 
the  neighborhood  of  five  to  six  million  barrels,  almost  all  of  it 
coming  from  Union  and  Webster  Counties  in  Kentucky,  Saline  County 
in  Illinois  and  Posey  County  in  Indiana.  In  addition  to  coal  and 
oil  production,  Hardin  County  in  Illinois  shipped  131,000  tons  of 


finished  fluorspar  in  i960,  representing  59  percent  of  the  total 
U.  S.  domestic  shipments.  Although  data  are  not  available,  there 
is  some  fluorspar  mining  in  Hardin  and  Pope  Counties  in  Illinois 
and  Crittenden,  Caldwell  and  Livingston  Counties  in  Kentucky. 

Minor  Area  0-2 

The  two  counties  composing  the  0-2  minor  area;  Vanderburgh 
in  Indiana  and  Henderson  in  Kentucky,  are  designated  the  Evansville 
Standard  Metropolitan  Statistical  Area.  The  i960  population  was 
199,200,  80.5  percent  c1assified  as  urban.  Population  density 
averaged  293  pe.sons  per  square  mile.  Average  personal  per  capita 
income  equaled  $1,686  compared  to  $1,832  in  Indiana  and  $1,322  in 
Kentucky.  Two  larger  cities  are  located  in  the  area,  Henderson, 

Kentucky  and  Evansville,  Indiana  having  populations  of  16,900 
and  lUl,500  respectively. 

Manufacturing  is  the  most  important  employment  category. 
Establishments  employing  100  workers  or  more  increased  from  40  in 
1958  to  hf>  in  196*4.  Vanderburgh  County  accounted  for  39  of  the 
I96U  total  establishments.  The  most  important  industries  are 
machinery  (including  electrical  machinery);  transportation,  communication, 
and  utilities;  food  processing;  and  fabricated  metals.  Four  thermal 
power  generating  plants  are  located  in  the  area  having  a total 
capaciuy  of  1 6 <7 . 7 megawatts . 

The  total  value  of  farm  products  sold  increased  from  $10. Q 
million  in  195^  to  $13.5  million  in  105°.  All  crops  accounted  for 
52  percent  of  the  1959  figure.  I«ss  than  10  acres  were  irrigated 
in  1959. 

Mining  activity  is  confined  mainly  to  coa'  and  oil  extraction. 
Henderson  County  produced  a relatively  small  amount  of  coal  in  I960, 
301,200  tons,  but  relatively  large  amounts  of  oil,  3-3  million 
barrels.  Although  thee  was  no  coal  produced  in  Vanderburgh  County, 
some  crude  oil  van  extracted  but  production  data  are  not  available. 

Minor  Area  0-3 

The  0-3  minor  area  1060  population  was  162,200.  Average  personal 
per  capita  income  was  $1,399  compared  to  $1,832  in  Indiana  and  $1,322 
in  Kentucky.  One  larger  city,  Owensboro,  Kentucky,  is  located  in  the 
minor  area  having  a popula* ion  of  U?,500. 


Manufacturing  is  the  most  important  employment  category. 
Establishments  employing  100  workers  or  over  increased  from  22 
in  1958  to  30  in  1964.  The  most  important  industries  are 
machinery  (including  electrical  machinery);  transportation, 
communication  and  utilities;  furniture  and  wood  products;  and 
food  processing.  Three  thermal  power  generating  plants  are 
located  in  the  minor  area  having  a total  capacity  of  227.5 
megawatts. 

During  the  period  1954-1959,  255OOO  acres  were  taken  out  of 
farm  production,  and  the  total  value  of  farm  products  sold  increased 
from  $97.9  million  to  $39.4  million.  Approximately  48  percent  of 
the  latter  figure  was  accounted  for  by  all  crops.  Agricultural 
employment  fell  from  11,300  in  1950  to  6,100  in  I960.  Less  than 
100  acres  were  irrigated  in  1959. 

Coal  and  crude  oil  production  are  the  most  important  mining 
activities  in  this  minor  area.  In  i960,  the  area  produced  6.7 
million  tons  of  coal,  83  percent  of  which  came  from  Warrick  County 
in  Indiana,  representing  43.3  percent  of  the  total  coal  production 
in  Indiana.  The  coal  produced  in  the  Kentucky  counties  represented 
10.1  percent  of  the  total  production  in  Kentucky.  In  i960,  the 
minor  area  p-oduced  3.1  million  barrels  of  crude  oil,  the  Kentucky 
counties  in  the  area  accounting  for  l4.6  percent  of  the  total 
production  in  Kentucky  and  the  Indiana  counties  accounting  for  25.5 
percent  of  the  total  Indiana  production. 

Projected  Population  and  Industrial  Activity 

The  Lower  Ohio-Evansville  Subarea  population  is  expected  to 
increase  from  55°,?00  in  1°60  to  1,035,000  by  the  year  2020.  vrhereas 
the  subarea  contained  2.9  percent  of  the  total  Ohio  River  Basin 
population  in  i960,  it  is  projected  to  contain  3 percent  by  the  year 
2020.  Table  6e  shows  the  base  and  projected  population  for  0-1, 

0-9  and  0-3  minor  areas. 

Agricultural  output  is  projected  to  increase  from  $208.4  million 
in  1°60  to  $305.0  million  in  the  year  2010.  Mining  output  is  projected 
to  increase  from  $l64.6  million  in  1^60  to  $1.4  billion  by  the  year 
2010. 


13-26 


Manufacturing  output  is  projected  to  increase  from  $1.1 
billion  in  i960  to  $5.5  billion  by  the  year  2010.  Table  7e 
shows  i960  output,  employment  and  manufacturing  employment. 
Projections  to  1°80,  2000  and  2020  for  the  minor  areas  are  shown 
as  indices  using  1060  as  the  base. 

In  addition  to  the  counties  included  in  the  Lower  Ohio- 
Evansville  Subarea  in  the  Projective  Economic  Study,  nine  other 
counties  have  land  area,*?  in  the  basin.  These  counties  are  listed 
in  Table  8e. 
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V WATER  REQUIREMENTS  - MUNICIPAL  AND  INDUSTRIAL 


1 


The  Ohio  River  and  alluvium  along  the  river  constitute  major 
sources  of  water  supply.  There  are  27  communities  that  obtain  their 
water  supply  frcm  the  Ohio  River.  These  communities  serve  a popu- 
lation of  about  2,210,000  with  an  average  daily  water  use  of  about 
277  mgd.  In  addition,  91  canraunities  obtain  their  supply  from  the 
alluvium  or  infiltration  galleries  along  the  river . serving  a 
population  of  about  670,000  with  an  average  water  use  of  about  66  mgd. 
It  is  estimated  that  industry  along  the  river  uses  approximately 
1,100  mgd,  exclusive  of  cooling  water  for  thermal  power  generating 
plants.  The  largest  industrial  water  use  occurs  in  the  Pittsburgh, 
Pennsylvania  to  Portsmouth,  Ohio  reach  of  the  ©hio  River. 

For  purposes  of  this  study,  the  main  stem  was  divided  into 
five  reaches  coinciding  for  the  most  part  with  the  subareas  defined 
by  the  Projective  Economic  Study.  Subarea  C,  the  Pittsburgh  S.M.S.A., 
is  included  with  the  Upper  Ohio  reach. 


Ohio  River  Main  Stem- Upper 
Present  and  Projected  Water  Use 

In  the  upper  Ohio  River  main  stem  direct  drainage  and  minor 
tributaries  area,  there  are  115  central  water  supply  systems,  serving 
a population  of  884,000.  The  average  daily  water  use  is  86  “igd 
amounting  to  98  gallons  per  capita  daily  water  use. 

Over  55  percent  of  the  total  water  used  for  municipal  purposes 
is  obtained  from  ground  sources  and  about  79  percent  of  the  total 
water  used  for  municipal  purposes  is  obtained  from  the  Ohio  River 
or  from  ground  sources  located  in  the  alluvium  along  the  Ohio  River. 

The  present  (i960)  municipal  and  industrial  water  use  in  the  basin 
is  listed  by  county  and  totaled  for  economic  subareas,  minor  tributaries 
and  the  basin  in  Table  9a. 

The  portion  of  Subarea  C draining  directly  to  the  Ohio  River 
is  located  entirely  within  Pennsylvania.  Over  75  percent  of  municipal 
supplies  in  this  reach  are  obtained  frcm  ground  sources.  Of  the 
communities  using  surface  sources,  one  community  using  over  56 
percent  of  the  water  obtains  its  supply  frcm  an  impounded  upland 


a 


source,  two  ccnrauniti.es  obtain  their  supply  frcm  the  Ohio  River  and. 
three  smaller  ccmmunities  use  impounded  sources.  Larger  communities 
in  this  reach  of  the  main  stem  are  Bellevue,  Aliquippa  and  Coraopolis 
served  from  ground  sources  and  Ambridge  served  from  an  impounded 
upland  surface  Bource.  In  this  reach,  industrial  water  use  account- 
ing for  35  percent  of  the  total  industrial  water  use  in  the  upper 
main  stem  is  obtained  frcm  the  Ohio  River  or  the  alluvium. 

In  minor  area  E-2,  about  67  percent  of  municipal  water  supplies 
are  obtained  frcm  surface  sources.  Of  the  24.4  mgd  obtained  from 
ground  sources,  20.7  mgd  or  about  67  percent  is  frcm  the  Ohio  River 
with  the  remainder  obtained  frcm  impounded  upland  sources.  Most  of 
the  ground  water  sources  are  in  the  alluvium  along  the  Ohio  River. 
Major  ccmmunities  using  the  Ohio  River  as  a source  of  supply  are 
East  Liverpool,  Ohio;  Steubenville,  Ohio  and  Wheeling,  West 
Virginia.  Larger  cammunitus  using  ground  sources  from  the  alluvium 
are  Martins  Ferry,  Ohio  and  Moundsville,  West  Virginia.  Industrial 
water  use  in  this  reach  of  the  main  stem  accounts  for  over  4l  percent 
of  the  industrial  water  use  in  the  upper  Ohio  River  main  stem  and 
supplies  are  obtained  from  the  Ohio  River  and  alluvium  along  the 
river. 

In  minor  area  E-l,  over  90  percent,  of  the  municipal  water 
supplies  are  obtained  frcm  ground  sources.  The  larger  communities 
of  Marietta,  Ohio,  and  Parkersburg,  West  Virginia,  account  for  about 
70  percent  of  the  total  municipal  water  use  in  this  reach.  Only  one 
supply  of  less  than  0.5  mgd  is  obtained  from  the  Ohio  River. 

Industrial  water  use  in  this  minor  arer  accounts  for  18  percent  of 
the  total  industrial  water  use  in  the  upper  Ohio  main  stem. 

Supplies  are  obtained  frcm  the  Ohio  River  or  frcm  the  alluvium  along 
the  river. 

Located  on  the  larger  tributary  streams  draining  into  the 
upper  Ohio  River  main  s+em  are  Washington  and  Canonsburg,  Pennsylvania, 
located  on  Chartiers  Cre  McDonald,  Permsyl vania,  located  on 
Robinson  Run  and  Athens  and  Lancaster,  Ohio,  located  in  the  Hocking 
River  drainage  area. 

Supplies  for  communities  located  on  Chartiers  Creek  and  Raccoon 
Creek  are  obtained  from  surface  sources.  In  the  Hocking  River 
subbasin,  over  80  percent  of  the  water  used  by  municipalities  i3 
obtained  frcm  ground  sources  including  the  supplies  for  Lancaster 
and  Athens  which  together  account  for  over  JO  percent  of  the  total- 
water  use  in  the  subbasin. 
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Based  on  population  increase  and  projected  industrial 
activity,  estimated  water  use  will  increase  in  the  upper  Ohio  River 
main  stem  as  shown  in  Table  10a.  It  is  estimated  that  total  water 
use  will  double  by  2020.  The  major  increases  will  probably  occur 
in  or  about  the  present  centers  of  population  and  industrial 
activity  largely  along  the  Ohio  River.  In  the  portion  of  Subarea  C 
tributary  to  the  Ohio  River,  it  is  estimated  that  water  use  will 
double,  while  in  minor  area  E-l  projections  indicate  an  increase  of 
2.5  times.  In  minor  area  E-2,  it  is  projected  that  water  use  will 
about  double  by  2020.  However,  in  the  Hocking  River  subbasin, 
increase  in  water  use  is  projected  to  be  five  times  the  present 
use . 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10a, 
the  minimum  day  low  flow  data  given  in  Tables  5a  and  5b,  and  avail- 
ability of  ground  water  as  reported  by  the  U.  S.  Geological  Survey!/ 
were  used  to  arrive  at  a judgment  as  to  need  of  future  development 
of  sources  of  water  supply.  Shown  in  Table  11a  are  problem  areas 
with  the  approximate  time  of  onset  of  the  problem. 

In  the  portion  of  Subarea  C tributary'  to  the  Ohio  River, 
total  water  use  is  projected  to  increase  to  300  mgd  by  1980,  to 
386  mgd  by  2000  and  to  535  mgd  by  2020.  Approximately  90  percent 
of  the  projected  water  use  will  be  for  industrial  purposes.  It  is 
assumed  that  increased  industrial  activity  will  occur  in  the  area 
along  the  main  stem  where  ample  supplies  of  surface  and  ground  water 
are  available.  The  problem  for  the  communities  listed  in  the  table 
is  one  of  expansion  of  facilities  rather  than  shortage  of  supply 
since  ample  surface  water  exists  in  the  main  stem  of  the  Ohio  River 
and  in  the  alluvium  adjacent  thereto. 

In  minor  area  E-2,  total  water  use  is  projected  to  increase 
to  320  mgd  by  1980,  to  about  383  mgd  by  2000  and  to  512  mgd  by  2020. 
Approximately  85  percent  of  the  projected  water  use  will  be  for 
industrial  purposes.  It  is  assumed  that  increased  industrial 
activity  will  occur  in  the  area  along  the  main  stem  where  ample 
ground  and  surface  supplies  exist.  The  communities  in  minor  area  E-2 
listed  in  Table  11a,  with- the  exception  of  Bamesville,  East 
Palestine,  Leetonia,  Lisbon  and  Salem,  Ohio,  are  located  along  the 
Ohio  River  and  there  should  not  be  a shortage  of  supply  that  can  not 

l/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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TABI£  11a 


OHIO  RIVER  MAIN  STEM-UPPER 

Direct  Drainage  and  Minor  Tributaries 
Water  Supply  Problem  Areas 


Minor  Area 


North  Fayette  C 

Twsp. , Pa. 

Aliquippa,  Pa.  C 

Monaca,  Pa.  C 

Belpre,  Ohio  E-l 

Marietta,  Ohio  E-l 

New  Martinsville,  E-l 

West  Virginia 
Paden  City,  W.Va.  E-l 

Parkersburg,  W.Va.  E-l 

Baxnesville,  Ohio  E-2 

Martins  Ferry,  Ohio  E-2 
Follansbee,  W.Va.  E-2 

Wellsburg,  W.Va.  E-2 

East  Palestine,  Ohio  E-2 
Leetonia,  Ohio  E-2 

Lisbon,  Ohio  E-2 

Salem,  Ohio  E-2 

Wellsville,  Ohio  E-2 

McMechen,  W.Va.  E-2 

Moundsville,  W.Va.  E-2 

Athens,  Ohio  E-l 

Lancaster,  Ohio  1-1 

New  Lexington,  Ohio  F-l 


Present  i960  2000  2020 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


be  met  by  expansion  of  facilities.  However,  the  aforementioned 
communities  of  Barnesville,  on  Captina  Creek,  and  East  Palestine, 
Leetonia,  Lisbon  and  Salem  in  the  Little  Beaver  River  watershed 
probably  will  encounter  supply  problems  during  periods  of  peak  demands 
by  the  dates  indicated.  Barnesville,  located  in  the  heauwater 

of  Captina  Creek,  presently  uses  a surface  source  of  supply.  In  the 
absence  of  a dependable  source  of  ground  water,  expansion  of  existing 
surface  storage  will  probably  be  required.  East  Palestine,  Leetonia, 
and  Lisbon  presently  use  ground  sources.  These  communities  are 


located  in  areas  where  the  indications  are  that  ground  water  is 
of  intermediate  yield,  and  their  supplies  can  probably  be  augmented 
by  expansion.  Salem,  presently  using  a surface  source,  is  located 
in  the  headwater  reach  of  the  Middle  Fork  of  Little  Beaver  River. 
The  adequacy  of  local  ground  water  resources  as  an  alternative  or 
supplementary  source  of  water  to  meet  future  needs  is  not  presently 
known  and  should  be  studied. 

In  minor  area  E-l,  total  water  use  is  projected  to  increase 
to  174  mgd  by  i960,  to  257  mgd  by  2000  and  to  347  mgd  by  2020. 
Approximately  93  percent  of  the  projected  water  use  will  be  for 
industrial  purpose.  It  is  assumed  that  increased  industrial 
activity  will  occur  in  the  area  along  the  main  stem  where  ample 
ground  and  surface  water  supplies  exist. 

By  i960  indications  are  that  Lancaster  and  Athens , located 
in  the  Hocking  River  subbasin  and  presently  using  ground  water 
sources,  will  need  further  development  of  ground  or  surface  water 
sources  to  meet  their  future  needs.  New  Lexington,  presently  using 
a surface  source,  by  2000  will  probably  experience  supply  problems 
during  periods  of  high  water  use  and  low  runoff.  Expansion  of 
existing  storage  facilities  or  construction  of  additional  surface 
storage  facilities  can  be  accomplished  to  meet  future  needs. 


Ohio  River  Main  Stem-Huntington 
Present  and  Projected  Water  Use 

In  this  portion  of  the  main  stem,  in  areas  draining  directly 
to  the  Ohio  River  and/or  drained  by  minor  tributaries,  there  are  32 
central  water  supply  systems  serving  a population  of  310,000.  The 
average  daily  water  use  is  30  mgd  amounting  to  a per  capita  water  use 
of  95  gpd . 

About  64  percent  of  the  total  water  used  for  municipal  purposes 
is  obtained  from  surface  sources,  with  about  94  percent  of  the  total 
municipal  water  use  being  obtained  from  the  Ohio  River  or  from  wells 
located  in  the  alluvium  along  the  river.  The  present  municipal  and 
estimated  industrial  water  use  in  the  basin  is  listed  by  county  and 
totaled  by  economic  subareas,  minor  tributaries  and  the  basin  in 
Table  °b. 
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In  minor  area  H-3,  over  58  percent  of  the  water  used  for 
municipal  purposes  is  obtained  fran  ground  sources.  Larger 
municipalities  along  the  main  stem  in  this  area  are  Gallipolis, 

Ohio  and  Point  Pleasant,  West  Virginia,  using  ground  sources,  and 
Middleport  and  Paneroy,  Ohio,  using  both  wells  and  the  Ohio  River 
as  a source  of  supply.  Industrial  water  use  along  this  reach  of 
the  main  stem  is  percent  of  the  total  estimated  industrial  water 
use  in  Subarea  H and  is  obtained  from  the  Ohio  River  or  frcm  the 
alluvium  along  the  river. 

In  minor  area  H-2,  almost  97  percent  of  the  water  used  for 
municipal  purposes  is  obtained  fran  the  Ohio  River.  Major  canmunities 
in  this  area  are  .shland,  Kentucky;  Huntington,  West  Virginia;  and 
Ironton,  Ohio,  accounting  for  all  of  this  water  use.  It  should  be 
noted  that  Catlettsburg,  Kentucky,  located  at  the  mouth  of  the  Big 
Sandy  River,  obtains  its  supply  from  this  stream  and  supplies  water, 
in  addition  to  its  own  needs,  to  several  canmunities  which  are  a 
part  of  the  Huntington,  West  Virginia,  S.M.S.A.  Industrial  water 
use  in  this  minor  area  accounts  for  about  66  percent  of  the  total 
industrial  water  use  in  Subarea  H and  supplies  are  obtained  fran 
the  Ohio  River  or  alluvium  adjacent  to  the  river. 

In  minor  area  H-l,  over  91  percent  of  the  water  used  for 
municipal  purposes  is  obtained  fran  surface  sources , with  one 
community,  Portsmouth,  Ohio,  accounting  for  practically  all  this 
use.  Industrial  water  use  in  this  minor  area  accounts  for  about 
10  percent  of  the  total  industrial  water  use  in  Subarea  H. 

Larger  canmunities  on  tributary  streams  are  Wellston,  Ohio  on 
Little  Raccoon  Creek  and  Olive  Hill,  Kentucky  on  Tygarts  Creek. 

Both  canmunities  use  surface  water  as  the  source  of  supply. 

Based  on  population  increase  and  projected  industrial  activity, 
estimated  water  use  is  projected  to  increase  in  the  minor  areas  as 
shown  in  Table  10b.  It  is  estimated  that  total  water  use  will 
increase  3.5  times  by  2020  in  Subarea  H.  The  major  increases  will 
probably  occur  in  or  about  the  present  centers  of  population  and 
industrial  activity,  largely  along  the  Ohio  River.  In  minor  area 
H-3,  it  is  estimated  that  water  use  will  increase  over  five  times, 
while  in  minor  area  H-2  projections  indicate  a threefold  increase, 
and  in  minor  area  H-l  a fourfold  increase  is  indicated. 
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Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  on  Table  10b, 
the  minimum  day  low  flow  data  given  in  Tables  5a  and  5b,  and  avail-  . 
ability  of  ground  water  as  reported  by  the  U.  S.  Geological  Survey"/ 
were  used  to  arrive  at  a judgment  as  to  need  of  future  development 
of  sources  of  water  supply.  Shown  in  Table  lib  are  the  problem  areas 
with  the  approximate  time  of  onset. 


TABIE  lib 

OHIO  RIVER  MAIN  STEM-HUNTINGTON 
Direct  Drainage  and  Minor  Tributaries 


Water  Supply  Problem  Areas 

Minor  Areas 

Present 

1980 

2000 

Race land,  Ky.  H-l 

X 

Gallipolis,  Ohio  H-3 

X 

Point  Pleasant,  W.Va.  H-3 

X 

Although  water  usage  is  projected  to  increase  appreciably  as 
shown  in  Table  10b,  since  most  of  the  water  supplies  are  obtained 
fran  the  Ohio  River  or  fran  the  alluvium  recharged  by  the  river, 
there  should  be  adequate  quantities  of  water  to  meet  projected  needs. 
The  ccranunities  listed  in  Table  lib  as  problem  areas  are  all  located 
along  the  Ohio  River  and  use  ground  sources  and  can  readily  solve 
their  problems  of  supply  by  expansion  or  extension  of  their  present 
systems . 


Ohio  River  Main  Stem-Cincinnati 

Present  and  Projected  Water  Use 

In  this  portion  of  the  main  stem,  draining  directly  to  the 
Ohio  River  and  drained  by  minor  tributaries,  there  are  34  central 
water  supply  systems  serving  a population  of  1,029,000.  The  average 
daily  water  use  is  121  ragd  amounting  to  a per  capita  water  use 
of  118  gpd. 

l/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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About  94  percent  of  the  total  water  used  for  municipal 
purposes  is  obtained  from  surface  sources.  About  97  percent  of 
the  total  is  obtained  either  frcm  the  Ohio  River  and  from  wells 
located  in  the  alluvium  along  the  river.  The  estimated  present 
municipal  ana  industrial  water  use  in  the  basin  is  listed  by 
county  and  totaled  by  economic  subareas,  minor  tributaries  and  the 
basin  in  Table  9c. 

In  minor  area  K-3,  over  65  percent  of  the  water  used  for 
municipal  s'ipplies  is  obtained  from  surface  sources.  The  largest 
community  using  the  Ohio  River  as  a source  of  supply  is  Mayaville, 

Kentucky.  Other  communities  using  surface  sources  are  located  in 
the  Ohio  counties  in  the  Brush  Creek  and  White  Oak  Creek  drainage 
areas.  Small  ccmmunities  located  along  the  Ohio  River  use  ground 
sources.  Industrial  water  use  is  very  small  in  this  minor  area. 

In  minor  area  K-2,  practically  all  water  used  for  municipal 
purposes  is  obtained  frcm  the  Ohio  River.  Cincinnati  has  the 
largest  water  system,  supplying  most  of  Hamilton  County  and  account- 
ing for  89  percent  of  the  water  use  in  the  minor  area.  The  ccmmunities 
of  Newport  and  Covington,  Kentucky,  using  Ohio  River  water,  along  with 
Kenton  County  Water  District  No.  1 obtaining  water  frcm  the  Licking 
River,  supply  most  of  the  northern  Kentucky  area.  located  in  the 
Min  Creek  drainage  area  is  most  of  the  heavy  manufacturing  industry 
in  the  Cincinnati  area.  Water  is  imported  frcm  the  Great  Miami  River  Basin 
to  supply  a number  of  these  industries.  Ground  water  is  suill  an 
important  source  of  supply  for  many  of  the  plants.  Three  ccmmunities 
serving  over  22,000  people  use  ground  water  as  their  source  of  supply. 

in  minor  area  K-l,  about  68  percent  of  the  water  used  for 
municipal  purposes  is  obtained  from  ground  sources.  Sixty-seven 
percent  of  the  total  water  used  for  municipal  purposes  is  obtained 
from  wells  located  in  the  alluvium  along  the  Ohio  River.  The  larger 
ccmmunities  in  this  area  are  Lavrenceburg  and  Aurora,  Indiana.  In 
the  Laughery  Creek  drainage  area,  located  in  Indiana,  most  of  the 
municipal  supplies  are  obtained  frcm  surface  sources.  The  largest 
community  in  this  subbasin  is  Batesville,  Industria  water  use  in 
this  subarea  is  located  primarily  in  the  Lawrenceburg  area  and  accounts 
for  most  of  the  industrial  water  use  in  the  subarea. 

Based  on  population  increase  and  projected  industrial 
activity,  estimated  total  water  use  in  Subarea  K will  increase  almost 
threefold  by  2020  as  shown  in  Table  10c.  The  major  increases  will 
probably  occur  in  or  about  the  present  centers  of  population  and 
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industrial  activity.  It  is  projected  that  by  2020  water  use  will 
increase  in  minor  area  K-3  fourfold,  in  minor  area  K-2  the  use 
will  be  more  than  doubled  and  in  minor  area  K-l  the  increase 
will  be  over  5.5  times.  In  the  Mill  Creek  drainage  area,  water  use 
is  projected  to  increase  3.5  times,  primarily  for  industrial  use. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  10c, 
the  minimum  day  low  flow  data  given  in  Tables  5&  and  5b,  and  avail- 
ability of  ground  water  as  reported  by  the  U.  S.  Geological  Surveyi 
were  used  to  arrive  at  a judgment  as  to  need  of  future  development 
of  sources  of  water  supply.  Shown  in  Table  11c  are  problem  areas 
with  approximate  time  of  onset. 

TABIE  11c 

OHIO  RIVER  MAIN  STEM- CINCINNATI 

Direct  Drainage  and  Minor  Tributaries 
Water  Supply  Problem  Areas 


Minor  Area 

Present 

1980 

2000 

2020 

Greendale,  Ind. 

K-l 

X 

Lawrenceburg,  Ind, 

K-l 

X 

Rising  Sun,  Ind. 

K-l 

X 

Batesville,  Ind. 

K-l 

X 

West  Union,  Ohio 

K-3 

X 

Georgetown,  Ohio 

K-3 

X 

Lockland,  Ohio 

K-2 

X 

Reading,  Ohio 

K-2 

X 

In  minor  area  K-3,  total  water  use  is  projected  to  increase 
to  4.6  mgd  by  2020,  with  approximately  70  percent  of  the  total  water 
use  projected  for  use  as  municipal  supplies.  Conmunities  located 

l/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 
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along  the  Ohio  River  should  have  no  problem  in  obtaining  ample 
supplies  of  water,  either  from  the  stream  or  from  the  alluvium. 

However,  communities  located  in  upland  areas  draining  directly  to 
the  Ohio  River  or  on  minor  tributaries  on  both  sides  of  the  Ohio 
River  will  have  to  rely  on  surface  sources  since  ground  water  does 
not  appear  to  be  available  in  the  upland  area  in  sufficient  quantities 
to  serve  as  a source  of  municipal  supply.  Indications  are  that 
West  Union,  Ohio,  in  the  Ohio  Brush  Creek  subbasin,  should  now  be 
planning  to  augment  its  present  impounded  source,  since  by  about 
1980  the  safe  yield  will  be  equaled  or  exceeded.  Alternate  solutions, 
all  involving  surface  storage,  could  be  constructed  of  a reservoir 
on  a tributary  of  Ohio  Brush  Creek  or  across  the  ridge  in  the  Eagle 
Creek  Basin.  In  the  White  Oak  Creek  drainage  basin,  Georgetown  is 
experiencing  a shortage  in  water  supply  during  low  flow  periods. 
Georgetown  presently  pumps  water  from  White  Oak  Creek  into  an  upland 
storage  reservoir  during  periods  of  high  to  medium  flows.  Alternate 
solutions  coul 1 be  expansion  of  present  upland  storage  capacity  or 
storage  in  a new  reservoir  upstream  from  Georgetown  from  which  water 
could  be  released  into  the  streambed  and  pumped  into  the  upland 
reservoir. 

In  minor  area  K-2,  total  water  use  is  projected  to  increase 
to  160  mgd  y 1980,  to  208  mgd  by  2000  and  to  263  mgd  by  2020. 

About  95  percent  of  this  water  will  be  distributed  through 
municipal  water  supply  systems  and  will  be  obtained  from  surface 
sources  primarily  from  the  Ohio  River. 

Demands  for  water  in  the  communities  of  Lockland  and  Reading. 
Ohio,  in  me  Mill  Creek  drainage  area  will  by  1980,  probably  exceed 
the  capabilities  of  their  existing  well  fields.  A good  aquifer, 
consisting  of  unconcolidated  sand  and  gravel,  occupys  an  ancestral 
river  valley  in  this  area.  Unfortunately,  withdrawals  for  municipal 
and  industrial  use  continue  to  exceed  the  recharge  capabilities  of  the 
aquifer  and  the  ground  water  level  has  held  a declining  trend.  Even 
if  open  area  did  exist  to  expand  the  present  well  fields  of  the 
aforementioned  communities , ground  water  levels  may  decline  by  i960 
to  the  point  where  reliable  wells  could  not  be  developed.  A possible 
solution  to  the  general  ground  water  problem  may  be  artificial  (pumped) 
recharge  of  the  aquifer  with  treated  surface  water.  Another  possible 
solution  could  be  connection  to  a water  system  having  a source  outside 
the  drainage  area. 
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In  minor  area  K-l,  the  communities  or  Greendale,  Lawrenceburg 
and  Rising  Sun,  Indiana,  are  all  located  along  the  Ohio  River. 
Indications  are  that  facilities  will  need  to  be  expanded  for  Greendale 
and  Lawrenceburg  by  1980  and  Rising  Sun  by  2000.  Supply  is  obtained 
from  alluvium  along  the  Ohio  River  and  provided  the  quality  of  the 
surface  water  in  the  Ohio  River  is  protected  so  that  infiltrated 
water  remains  of  good  quality,  ample  supplies  should  be  available. 

Over  85  percent  of  the  projected  water  supply  use  in  this  minor 
area  will  be  for  industrial  needs . Since  this  future  need  will 
probably  be  centered  near  points  of  present  use  along  the  Ohio 
River,  ample  ground  water  and  surface  sources  are  available  to  meet 
these  needs.  Batesville,  Indiana,  located  in  the  Laughery  Creek 
drainage  area,  will  probably  experience  water  supply  problems  by 
1980.  In  the  absence  of  a dependable  ground  water  source, 
reliance  must  continue  to  be  placed  on  surface  sources.  Although 
Batesville  is  located  in  the  headwaters  area  of  the  subbasin,  water 
storage  impoundments  can  probably  be  constructed  to  meet  future 
needs  either  in  the  Laughery  Creek  subbasin  or  in  an  adjacent 
watershed. 


Ohio  River  Main  Stem- Louisville 
Present  and  Projected  Water  Use 

In  this  portion  of  the  main  stem,  drained  directly  by  the  Ohio 
River  and  minor  tributaries , there  are  30  central  water  supply  systems 
serving  a population  of  710,000.  The  average  daily  water  use  is 
100  mgd,  amounting  to  a per  capita  water  use  of  111  gpd. 

Over  89  percent  of  the  total  water  used  for  municipal  purposes 
is  obtained  from  surface  sources , with  about  98  percent  of  the  total 
supply  obtained  either  from  the  Ohio  River  or  from  wells  located  in 
the  alluvium  along  the  river.  The  estimated  present  municipal  and 
industrial  water  use  in  the  basin  is  listed  by  county  and  totaled  by 
economic  subareas , minor  tributaries  and  the  basin  in  Table  9d. 

In  minor  area  N-3,  all  of  the  water  for  municipal  supplies 
is  obtained  from  ground  sources  from  wells  located  in  the  alluvium 
along  the  Ohio  River.  The  largest  community  in  this  minor  area  is 
Madison,  Indiana,  accounting  for  almost  91  percent  of  the  water  use. 
Industrial  water  use  is  small,  accounting  for  about  five  percent 
of  the  total  industrial  water  use  in  the  subarea. 
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In  minor  area  N-2,  about  93  percent  of  the  vater  for  municipal 
supplies  is  obtained  from  surface  sources,  primarily  frcm  the  Ohio 
River.  Louisville,  Kentucky,  using  the  Ohio  River  as  its  source, 
accounts  for  over  88  percent  of  the  total  municipal  water  use  in  the 
minor  area.  The  urbanized  area  of  Louisville,  Kentucky,  which 
includes  Jeffersonville,  New  Albany,  and  Clarksville,  Indiana, 
accounts  for  over  98  percent  of  the  water  use  in  this  minor  area. 
Industrial  water  use  amounting  to  91  percent  of  the  total  industrial 
water  use  in  Subarea  N occurs  in  this  minor  area. 

In  minor  area  N-l,  there  are  no  large  communities  and  water 
use  is  about  evenly  divided  between  ground  and  surface  sources . 

There  is  no  appreciable  use  of  water  for  industrial  purposes. 

The  largest  tributary  stream  in  the  minor  area  is  the 
Blue  River  draining  portions  of  six  Indiana  counties.  However, 
there  are  only  three  central  water  supply  systems  in  the  drainage 
area  serving  about  7 >*+00  persons. 

Based  on  population  increase  and  projected  industrial 
activity,  estimated  total  water  use  will  increase  in  the  subarea  to 
over  3.5  times  the  present  use  by  2020  as  shown  in  Table  lOd.  The 
major  increases  will  probably  occur  in  or  about  the  Louisville, 
Kentucky  S.M.S.A.,  the  present  center  of  population  and  industrial 
activity  in  the  subarea.  Increase  in  water  use  as  projected,  varies 
from  eightfold  in  minor  area  N-l,  to  over  three  and  one-half  fold 
in  minor  area  N-2,  and  six  and  one-half  fold  in  minor  area  N-3. 

A sevenfold  increase  is  projected  for  the  Blue  River  drainage  area. 

It  is  projected  that  water  use  in  N-2  by  2020  will  account  for  over 
86  percent  of  the  total  water  use  in  Subarea  N. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  lOd, 
the  minimum  day  low  flow  data  given  in  Table  5a  and  5b  and  avail- 
ability of  ground  water  as  reported  by  the  U.  S.  Geological  Survey^/ 
were  used  to  arrive  at  a judgment  as  to  need  of  future  development 
of  sources  of  water  supply.  Shown  in  Table  lid  are  problem  areas 
with  approximate  time  of  onset. 


l/~Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Busin  Comprehensive  Survey. 
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TABLE  lid 


OHIO  RIVER  MAIN  STPM- LOUISVILLE 

Direct  Drainage  and  Minor  Tributaries 
Water  Supply  Problem  Areas 


Minor  Area 

Present 

1^80 

2000 

Corydon,  Ind. 

N-l 

X 

Charlestown,  Ind.  N-2 

X 

Jeffersonville, 

Ind. N-2 

X 

Madison,  Ind. 

N-3 

X 

Salem,  Ind . 

Q-2 

X 

In  minor  area  N-3,  total  vater  use  is  projected  to  increase 
to  11.4  mgd  by  1980,  to  18  mgd  by  2000  and  to  35  mgd  by  2020. 

About  55  percent  of  the  projected  water  use  will  be  for  minicipal 
purposes.  Indications  are  that  Madison,  Indiana,  using  ground 
sources,  presently  needs  to  expand  its  supply  facilities.  However, 
ample  ground  water  is  available  in  the  alluvium  along  the  Ohio  River 
to  meet  projected  needs. 

In  minor  area  N-2,  total  water  use  is  projected  to  increase 
to  208  mgd  by  1980,  to  3 00  mgd  by  2000  and  to  about  4l6  mgd  by  2020. 

About  65  percent  of  the  projected  water  use  will  be  for  municipal 
purposes.  It  is  assumed  that  increased  industrial  activity  will 
occur  in  the  area  along  the  main  stem,  where  there  are  ample  supplies 
of  ground  and  surface  rater  available.  Surface  rater  is  presently 
used  as  a source  of  supply  by  Louisville,  Kentucky,  who  probably  will 
continue  to  use  this  source.  However,  due  to  increased  population  and 
industrial  activity  upstream,  problems  of  taste  and  odor  will  probably 
increase.  The  desirability  of  recharging  Chio  River  rater  to  the 
alluvial  deposits  and  obtaining  supplies  from  wells  should  be  investigated. 

The  communities  of  Jeffersonville  and  Charlestown,  Indiana 
presently  use  ground  sources.  Their  problem  can  be  solved  by  expansion 
of  well  fields,  since  ample  supplies  of  ground  vater  are  present  in 
the  alluvium  along  the  Chio  River. 


Projected  water  use  in  minor  area  N-l  is  relatively  modest 
with  total  water  use  projected  to  increase  to  5 mgd  by  1980,  to 
9 mgd  by  2000  and  to  17  mgd  by  2020.  Much  of  this  increase  will 
probably  occur  along  the  Ohio  River  where  ample  ground  and  surface 
supplies  are  available.  The  community  of  Corydon,  Indiana,  located 
in  the  Big  Indian  Creek  subbasin,  uses  surface  sources  for  supply, 
presently  needs  to  develop  additional  supply  sources,  probably  a 
local  impoundment. 

Salem,  Indiana,  located  in  the  headwaters  region  of  the 
Blue  River  drainage  area,  presently  need  to  develop  additional 
surface  storage  to  meet  increased  needs . 


Ohio  River  Main  Stem-Evansville 
Present  and  Projected  Water  Use 

In  this  portion  of  the  main  stem,  drained  directly  by  the 
Ohio  River  and  minor  tributaries,  there  are  56  central  water  supply 
systems  serving  a population  of  403,000.  The  average  daily  water 
use  is  46  mgd  amounting  to  a per  capita  water  use  of  114  gpd. 

Over  77  percent  of  the  total  water  used  for  municipal  purposes 
is  obtained  from  surface  sources , while  over  91  percent  of  the  total 
water  is  obtained  either  from  the  Ohio  River  or  from  wells  located  in 
the  alluvium  along  the  river.  The  estimated  present  municipal  and 
industrial  water  use  in  the  basin  is  listed  by  county  and  totaled  by 
economic  subareas,  minor  tributaries  and  the  basin  in  Table  9e. 

In  minor  area  0-3,  practically  all  water  developed  for 
municipal  use  is  obtained  from  ground  sources,  mostly  from  the 
alluvium  along  the  Ohio  River.  The  largest  community  in  this  minor 
area  is  Owensboro,  Kentucky.  Approximately  33  percent  of  the  industrial 
water  use  in  the  subarea  is  developed  in  this  minor  area. 

In  minor  area  0-2,  the  communities  of  Evansville,  Indiana  and 
Hendersonville,  Kentucky,  use  the  Ohio  River  directly  as  a source  of 
supply  and  account  for  practically  al i the  municipal  water  use. 
Evansville , Indiana,  alone  accounts  for  88  percent  of  the  total  water 
use . Almost  51  percent  of  the  industrial  water  use  in  the  subarea 
occurs  in  this  minor  area. 
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In  minor  area  0-1,  over  80  percent  of  the  municipal  water 
use  is  developed  from  surface  sources.  Paducah,  Kentucky,  the 
largest  ccmnunity  in  this  minor  area*  using  the  Ohio  River  as  a 
source  of  supply,  accounts  for  over  % percent  of  the  toted, 
municipal  water  use.  Over  92  percent  of  water  used  for 
municipal  purposes  is  obtained  either  fra*  the  Ohio  River  or  the 
alluvium  along  the  Ohio  River.  Industrial  water  use  in  this  minor 
area  accounts  for  13  percent  of  the  total  industrial  water  use  in 
the  subarea. 

In  other  areas  not  included  in  the  Projective  Economic  Study, 

Cairo,  Illinois,  is  the  largest  ccmnunity,  serving  9,200  people 
from  a supply  obtained  from  the  Ohio  River. 

Larger  minor  tributaries  in  this  subarea  are  the  Trade water 
River,  draining  portions  of  six  Kentucky  counties  and  the  Saline 
River  draining  portions  of  eight  Illinois  counties.  The  largest 
ccmnunity  in  the  Tradewater  River  drainage  area  is  Providence, 
accounting  for  about  40  percent  of  the  water  use  in  the  subbasin. 

In  the  Saline  River  subbasin,  the  largest  ccmnunity  is  Harrisburg, 
accounting  for  over  42  percent  of  the  municipal  water  use  in  this 
subbasin.  There  is  very  little  water  used  for  industrial  purposes 
in  these  two  subbasins. 

Based  on  population  increase  and  projected  industrial  activity, 
estimated  total  water  use  in  Subarea  0 will  increase  almost  fourfold 
by  2020.  Water  use  is  projected  to  increase  4.5  times  in  minor  area 
0-3 , 3.5  times  in  minor  area  0-2,  to  3.5  times  in  minor  area  0-1,  and 
in  other  areas  in  the  basin  an  increase  of  3.5  times  is  projected. 
Increases  in  water  use  by  2020  in  the  Tradewater  River  drainage  area 
areprojected  to  be  about  six  times  the  present  use  and  in  the  Saline  River 
drainage  area  by  2020,  about  3.5  times  the  present  use.  over  50 
percent  of  industrial  water  use  in  the  subarea  by  2020  will  be  needed 
in  minor  area  0-2. 

Water  Supply  Problems 

The  projected  total  water  supply  figures  shown  in  Table  lOe, 
the  minimum  day  low  flow  data  given  in  Tables  5a  and  5b,  and  avail-  . 
ability  of  ground  water  as  reported  by  the  U.  S.  Geological  Surveyi/ 
were  used  to  arrive  at  a judgment  as  to  need  of  future  development 
of  sources  of  water  supply.  Shown  in  Table  lie  are  problem  areas 
with  approximate  time  of  onset. 

l/  Ground-Water  Distribution  and  Potential  in  the  Ohio  River  Basin, 
Appendix  E,  Ohio  River  Basin  Comprehensive  Survey. 


TABLE  lie 

CHIO  RIVER  MAIN  STQ4- EVANSVILLE 

Direct  Drainage  and  Minor  Tributaries 
Water  Supply  Problem  Areas 


Owensboro,  Ky. 

Minor  Area 
0-3 

Tell  City,  Ind. 

0-3 

Boonville,  Ind. 

0-3 

McLeansboro,  111. 

R-l 

Harrisburg,  111. 

0-1 

Eldorado,  111. 

0-1 

Providence,  Ky. 

0-1 

Present  1980  2000  2020 

X 
X 

X 

X 

X 

X 

X 


In  minor  area  0-3,  total  water  use  is  expected  to  increase  to 
31  mgd  by  I9OQ,  to  50  mgd  by  2000  and  to  73  mgd  by  2020.  Over 
50  percent  of  the  projected  'water  use  will  be  for  municipal  purposes. 

It  is  assumed  that  increased  industrial  activity  will  occur  in  the 
area  along  the  main  stem  where  ample  supplies  of  ground  and  surface 
water  will  be  available.  Indications  are  that  Tell  City,  Indiana,  and 
Owensboro,  Kentucky,  obtaining  water  from  the  alluvium  along  the  Chio 
River,  will  need  to  expand  their  well  fields  at  the  present  time  and 
1980  respectively.  Boonville,  Indiana,  located  in  an  upland  area, 
obtaining  its  water  supply  from  wells,  presently  needs  to  expand  its 
well  fields.  The  aquifer  which  underlies  the  area  is  classified  by  the 
U.S.  Geological  Survey  as  an  intermediate  yielding  source.  However, 
ample  supplies  are  available  in  the  alluvium  along  the  Chio  River  and 
expansion  of  well  fields  in  -this  aquifer  will  meet  future  needs. 


In  minor  area  0-2,  most  of  the  present  supply  for  Evansville, 
Indiana,  and  Henderson,  Kentucky,  are  obtained  from  the  Chio  River. 
Surface  sources  are  adequate  to  meet  all  future  foreseeable  municipal 
and  industrial  needs,  providing  the  quality  of  the  water  is  protected  by 
adequate  quality  control  measures  at  upstream  points. 
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In  minor  area  0-1,  total  water  use  is  projected  to  Increase 
to  38  mgd  by  2020.  As  most  of  the  present  needs  are  satisfied  from 
the  Ohio  River  or  wells  in  the  alluvium,  water  appears  to  be  in 
ample  supply. 

In  the  Saline  River  subbasin,  indications  are  that  by  1980, 
Harrisburg  and  Eldorado,  Illinois,  will  need  to  plan  for  additional 
sources  of  supply.  Presently,  both  communities  rely  on  impounded 
surface  sources  which  could  be  expended  or  as  an  alternative  new 
impoundments  could  be  developed  to  meet  future  needs . 

In  the  Tradewater  River  subbasin,  Providence,  Kentucky  obtains 
its  water  supply  from  impoundments  and  uses  the  Tradewater  River  as 
an  emergency  source.  Due  to  limited  firm  yield  from  the  impoundments 
and  river,  additional  supply  development  is  needed,  with  additional 
impoundment  the  most  probable  solution.  Bedrock  sources  in  this  area 
are  rated  by  the  U.  S.  Geological  Survey  as  intermediate  yielding 
sources.  With  projected  water  needs,  it  may  become  increasingly 
difficult  to  obtain  enough  water  from  ground  sources  to  meet  these 
needs  and  it  may  become  necessary  to  develop  surface  impoundments  to 
augment  these  sources. 
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VI  WATER  QUALITY  CONTROL 
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The  major  areas  of  organic  waste  discharges  occur  in  the  main 
stem  of  the  Ohio  River  below  Pittsburgh,  Pennsylvania  and  Cincinnati, 
Ohio.  There  are  many  other  points  of  large  organic  waste  discharges 
such  as  below  Huntington,  West  Virginia;  Louisville,  Kentucky  and 
Evansville,  Indiana,  if  flow  needs  can  be  met  at  Pittsburgh  and 
Cincinnati  there  will  be  sufficient  flow  in  the  river  to  assimilate 
residual  wastes  remaining  after  secondary  treatment  at  other  points 
of  discharge. 

Unsatisfactory  stream  conditions  due  to  insufficient 
assimilative  capacity  exist  during  low  flow  in  a number  of  tributary 
streams,  notably  Chartiers  Creek  below  Washington  and  Canonsburg, 
Pennsylvania;  in  the  Hocking  River  below  Lancaster,  Ohio;  in  the  Mill 
Creek  at  Cincinnati,  Ohio  and  the  Saline  River  below  Harrisburg, 
Illinois.  Mine  drainage  affects  many  tributary  streams  in  the  upper 
reach  of  the  main  stem  and  also  affects  the  lower  reaches  of  the 
Saline  and  Tradewater  Rivers  in  the  lower  main  stem  area. 

The  main  stem,  for  the  purposes  of  this  study  was  divided  into 
five  reaches,  coinciding  for  the  most  part  with  the  subareas  defined 
by  the  Projective  Economic  Study.  Since  waste  loads  from  Pittsburgh 
enter  the  Ohio  River  main  stem,  Subarea  C is  included  with  the 
upper  Ohio  River  reach. 


Ohio  River  Main  Stem-Upper 
Present  and  Projected  Waste  Loads 


Present  (i960)  organic  waste  loads  generated  are  shown  in 
Table  12a.  The  major  single  source  of  organic  waste  discharges  in 
this  reach  is  frcm  the  Allegheny  County  Sanitary  Authority.  Residual 
organics  are  discharged  from  its  treatment  plant  to  the  Ohio  River  at 
a point  just  below  the  confluence  of  the  Allegheny  and  Monongahela 
Rivers.  Major  discharge  of  industrial  organic  wastes  occurs  in 
Allegheny  County  either  through  the  aforementioned  system  or  other 
outfalls.  In  this  area,  inorganic  discharges  from  the  basic  steel 
and  metal  finishing  industries  constitute  major  inorganic  waste 
sources . 


Principal  tributaries  entering  this  reach  of  stream  in 
addition  to  the  Allegheny  and  Monongahela  are  the  Beaver  and 
Muskingum  Rivers . 


In  the  minor  tributary  basins,  residual  organic  waste 
loads  are  discharged  to  Chartiers  Creek  by  the  communities  of 
Washington  and  Canonsburg,  Pennsylvania,  to  the  Little  Beaver 
River  by  the  community  of  Salem,  Ohio,  and  to  the  Hocking  River 
by  the  communities  of  Lancaster , Logan  and  Athens,  Ohio. 

Shown  in  Table  13a  are  the  base  and  projected  waste  loads 
generated  before  treatment  for  minor  areas  and  minor  tributaries . 

Total  organic  waste  loads  in  the  subarea  are  projected  to  increase 
less  than  2 times  by  2020.  Waste  loads  in  minor  areas  C and  E-2  are 
projected  to  increase  over  1.5  times,  while  in  minor  area  E-l  the 
increase  is  projected  to  be  about  2.5  times  by  2020.  Waste  loads  generated 
in  the  Chartiers  Creek  subbasin  and  Raccoon  Creek  subbasin  are  projected 
to  increase  about  50  percent  by  2020,  while  in  the  Hocking  River  subbasin 
an  increase  of  4.5  times  is  indicated  by  2020. 

Water  Quality  Control  Problems 

Listed  in  Table  l4a  are  the  areas  and  the  approximate  beginning 
date  where  problems  are  expected  during  low  flow  periods.  This  table 
indicates  the  need  for  stream  flow  regulation  for  quality  control 
after  secondary  treatment  or  other  appropriate  measures  for  pollution 
control. 

In  the  main  stem,  the  major  quality  control  problem  occurs 
below  the  Allegheny  County  Sanitary  Authority  sewage  treatment  plant 
outfall.  At  present,  primary  treatment  facilities  are  operated  by 
the  Authority.  In  addition,  residual  organic  wastes  from  sewage  treatment 
plants  located  on  the  Allegheny  and  Monongahela  Rivers  and  streams 
tributary  to  these  rivers  are  present  in  these  streams  when  they  join 
to  form  the  Ohio  River.  While  secondary  treatment  of  collectable  wastes 
is  assumed,  organic  wastes  enter  the  streams  in  the  greater  Pittsburgh 
area  from  the  Monongahela,  the  Allegheny,  from  overflows  from  combined 
sewers  and  in-street  washings.  Total  flow  in  the  order  of  5,000  cfs  is 
needed  at  the  present  to  assimilate  residual  waste  loads.  These  needs 
will  increase  to  5,700  cfs  by  19&0,  to  6,600  cfs  by  2000  and  to  7,800  cfs 
by  2020.  The  natural  low  flow,  30  consecutive  day  average  discharge, 

10  year  frequency,  is  in  the  order  of  2,400  cfs,  . After  completion  of 
construction  of  the  Corps  of  Engineers 'Croup  A'_/  reservoirs,  the  regulated 
flow  on  the  above  basis  will  be  in  the  order  of  5,600  cfs. 


1/  Hydrology  of  the  Ohio  River  Basin,  Appendix  C,  Ohio  River  Basin 
Comprehensive  Survey. 
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TABLE  l4a 

OHIO  RIVER  MAIN  STEW-UPPER 

Direct  Drainage  and  Minor  Tributaries 
Present  and  Projected  Water  Quality  Control  Problem  Areas 

Econcnic  Approximate  Beginning  Date 
Stream  Vicinity  Area  Present  i960  2000  2020~ 

Ohio  River-Main  Pittsburgh,Pa.  C X 

Stem 

Robinson  Run  McDonald,  Pa.  C X 

Chartiers  Creek  Washington,  Pa.  C X 

Chartiers  Creek  Canonsburg,  Pa.  C X 

Little  Beaver  R.  Salem,  Ohio  E-2  X 

Middle  Fork 

Hocking  River  Lancaster, Ohio  1-1  X 

Hocking  River  Logan,  Ohio  1-1  X 

Hocking  River  Athens,  Ohio  E-l  X 


In  the  Hocking  River  subbasin,  indications  are  that  the  design 
flow  of  about  25  cfs  is  not  sufficient  to  assimilate  residual  organic 
waste  from  the  treatment  plant  in  the  Lancaster,  Ohio  area.  Flows 
in  the  order  of  30  cfs  are  required  at  the  present,  increasing  to 
35  cfs  by  I98O,  to  47  cfs  by  2000  and  to  55  cfs  by  2020.  Provision 
of  these  flows  at  Lancaster  will  maintain  satisfactory  stream  con- 
ditions at  Logan  and  Athens  after  secondary  treatment  of  all  organic 
wastes. 

In  minor  tributaries,  unsatisfactory  stream  conditions  exist 
in  Chartiers  Creek  in  the  vicinity  of  Washington  and  Canonsburg, 
Pennsylvania,  where  design  flow  is  very  low.  Flows  in  the  order  of 
40  cfs  are  required  at  the  present  (i960)  increasing  to  50  cfs  by 
1980,  to  60  cfs  by  2000  and  to  75  cfs  by  2020.  Provision  of  the 
above  flows  at  Washington  would  maintain  satisfactory  conditions  at 
Canonsburg.  However,  as  Washington  and  Canonsburg  sure  located  in 
the  headwaters  region  of  the  Chartiers  Creek  drainage  basin  and 
storage  for  the  quantity  required  does  not  appear  to  be  available, 
an  alternate  solution  to  flow  regulation  for  quality  control  would 
be  transmission  of  treatment  plant  effluent  to  a larger  body  of  water. 
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In  the  Little  Beaver  River  below  Salem,  Ohio,  design  flew  is 
negligible.  Flows  in  the  order  of  15  cfs  are  required  at  the 
present  increasing  to  22  cfs  by  2020. 

There  are  undoubtedly  other  small  tributaries  adversely 
affected  by  discharge  of  residual  wastes  remaining  after  secondary 
treatment , but  it  is  beyond  the  scope  of  this  report  to  define 
them  all. 

Other  present  or  potential  quality  problems  are  heat,  inorganic 
discharges  and  mine  drainage.  Major  sources  of  heat  release  to  the 
main  stem  occur  at  thermal  power  plants . In  Allegheny  and  Beaver 
Counties  in  Pennsylvania,  in  Columbiana,  Jefferson,  Belmont  and  Washington 
Counties  in  Ohio,  and  in  Hancock,  Brooke,  Marshall,  Wetzel,  Pleasants 
and  Wood  Counties  in  West  Virginia.  In  the  Pennsylvania  counties,  thermal 
power  generating  plants  with  capacities  of  180,  57,  100,  315,  and  100 
megawatts  use  surface  water  for  cooling  purposes  in  this  reach  of 
stream.  Located  in  the  Ohio  counties  are  plants  with  capacities  of  740, 

315.8,  222.2,  544  and  160  megawatts,  while  located  in  the  West  Virginia 
counties  there  are  plants  with  capacities  of  108.3,  300,  450,  225, 

54,  215  and  30.8  megawatts.  In  the  Hocking  River  tributary  basin,  at 
Athens,  Ohio,  a plant  with  a capacity  of  232  megawatts  uses  ground 
sources  for  makeup  water  for  a closed  cooling  system.  In  the  main  stem, 
although  power  production  is  projected  to  increase  fourfold  by  1980, 
there  should  be  ample  cooling  water  providing  plants  are  spaced  to 
allow  the  stream  to  recover  from  the  effects  of  the  heat  discharged 
from  upstream  plants . 

t 

Processirg  in  the  basic  steel  and  metal  finishing  industries 
results  in  discharges  of  iron,  phenols,  and  plating  wastes  which  do 
not  necessarily  exert  a demand  on  the  oxygen  resources  of  the  stream, 
but  impart  hardness,  iron,  and  taste  to  the  water  and  affect  the  use 
and  degree  of  treatment  required  by  downstream  users . 

Mine  irainage  from  bituminous  coal  mining  operations  affects 
the  main  stem  and  many  minor  tributary  streams  in  this  reach.  In 
Pennsylvania,  Raccoon  Creek  and  its  tributaries,  Montour  Run  and 
its  tributaries,  and  Chartiers  Creek  and  its  tributaries  are  adversely 
affected  by  mine  drainage.  In  Ohio,  the  main  stem  tributaries  of 
Brush  Creek,  Captina  Creek,  Kyger  Creek,  Leading  Creek,  Yellow  Creek 
and  Shade  River  are  among  the  direct  drainage  tributary  streams 
adversely  affected  by  mine  drainage.  In  the  Hocking  River  subbasin, 
the  tributary  streams  of  Little  Rush  Creek,  Monday  Creek  and  Sunday 
Creek  are  among  those  affected  by  mine  drainage.  In  West  Virginia, 
many  direct  drainage  tributaries  are  affected. 

I 


J 


13-48 


Ohio  River  Main  Stan- Huntington . 


r 


Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  before  treatment  are 
shown  in  Table  12b . The  largest  single  source  of  organic  waste 
discharge  in  this  reach  is  from  Huntington,  West  Virginia,  accounting 
for  about  one -third  of  the  total  organic  wastes  generated  in  this 
reach  of  stream. 

Principal  tributaries  entering  this  reach  of  stream  are  the 
Kanawha,  Guyandotte,  Big  Sandy  and  the  Scioto  Rivers.  Of  these 
tributaries,  the  Kanawha  River  in  its  present  state  carries  the 
largest  load  of  residual  organics  and  inorganic  wastes  resulting 
frcm  the  chemical  industry  located  in  and  around  Charleston,  West 
Virginia. 

In  the  minor  tributary  basins,  the  largest  organic  waste 
source  is  Wellston,  Ohio,  located  on  Little  Raccoon  Creek. 

I 

Shown  in  Table  13b  are  the  base  and  projected  waste  loads 
generated  before  treatment  for  minor  areas  and  minor  tributaries . 
Total  organic  waste  loads  are  projected  to  increase  about  2.5  times 
by  2020.  Minor  area  H-2  is  projected  to  increase  slightly  less 
than  the  rate  for  the  total  area,  while  minor  areas  H-l  and  H-3 
are  projected  to  increase  slightly  more  than  the  total  area.  Organic 
waste  loads  are  projected  to  increase  in  the  minor  tributaries  at 
about  the  same  rates  as  the  total  area. 

Water  Quality  Control  Problems 

In  the  main  stem,  flows  supplied  to  maintain  satisfactory 
dissolved  oxygen  conditions  in  the  Upper  Ohio  reach  of  the  stream 
should  maintain  satisfactory  dissolved  oxygen  stream  conditions 
throughout  the  Huntington  reach.  This  does  not  mean,  however,  that 
taste  and  odor  problems  will  not  occur.  Phenol  and  iron  wastes 
discharged  to  the  streams  frcm  the  basic  steel  industry  upstream, 
residual  organic  wastes  and  algal  growths  promoted  by  the  inorganic 
nitrates  and  phosphates  frcm  upstream  sources  can  cause  serious  taste 
and  odor  problems  for  communities  using  the  Ohio  River  as  a raw  water 
source . 
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Listed  in  Table  l4b  are  the  areas  and  the  approximate 
beginning  date  where  problems  are  ejected  during  low  flow  periods. 

The  table  indicates  need  for  stream  flow  regulation  for  quality 
control  after  secondary  treatment  or  other  appropriate  measures 
for  pollution  control. 

TABLE  14b 

OHIO  RIVER  MAIM  STEM-HUMTINGTOH 

Direct  Drainage  and  Minor  Tributaries 
Present  and  Projected  Water  Quality  Control  Problem  Areas 

Economic  Approximate  Beginning  Date 
Stream  Vicinity  Area  Present  I960  2000  2020 

Little  Raccoon  Wellston,  Ohio  H-3  X 

Creek 


In  the  minor  tributary  basins,  Little  Raccoon  Creek  at  Wellston, 
Ohio,  where  design  flow  is  less  than  5 cfs,  flows  in  the  order  of  7 cfs 
are  needed  at  the  present,  increasing  to  15  cfs  by  2020. 

There  are  undoubtedly  other  small  tributaries  adversely  affected 
by  discharge  of  residual  wastes  remaining  after  secondary  treatment , 
but  it  is  beyond  the  scope  of  this  report  to  define  all  of  them. 

Other  present  or  potential  quality  problems  are  heat,  inorganic 
discharges  and  mine  drainage.  Major  sources  of  heat  release  to  the 
main  stem  from  thermal  power  generating  plants  occur  in  Gallia  County, 
Ohio  and  Mason  County,  West  Virginia,  where  plants  with  capacities  of 
1,086.3  and  1,060  megawatts  respectively,  use  surface  water  from  the 
Ohio  River  for  cooling  purposes . These  plants  are  located  in  the 
same  navigation  pool  (Gallipolis)  and  during  periods  of  lower  flows 
could  have  the  effect  of  raising  stream  temperatures , but  at  the 
present  this  is  not  a serious  problem. 

Inorganic  discharges  are  from  the  basic  steel  and  metal 
finishing  industries  and  chemical  industry  plants  located  along  this 
reach  of  the  main  stem.  Streams  affected  by  mine  drainage  in  Ohio 
are  Raccoon  Creek  and  tributary  streams  which  drain  into  Lake  Alma 
and  Lake  Hope  located  in  the  watershed.  Many  direct  drainage  tributary 
streams  in  West  Virginia  are  also  subject  to  mine  drainage  discharges. 
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Ohio  River  Main  Stem- Cincinnati 
Present  and  Projected  Waste  Loads 

Present  organic  waste  generated  before  treatment  is  shown 
in  Table  12c.  Major  organic  waste  discharges  are  located  in  minor 
area  K-2,  primarily  from  Cincinnati,  Ohio,  and  from  the  Canrpbell- 
Kenton  County  Sanitary  District  No.  1.  These  sources  account  for 
over  95  percent  of  the  total  organic  waste  generated  in  Subarea  K. 

Principal  tributaries  entering  this  reach  of  stream  are  the 
Little  Miami  River,  Licking  River  and  Great  Miami  River,  with  all 
confluences  located  within  the  K-2  minor  area. 

Mill  Creek,  a minor  tributary  entering  the  Ohio  River  at 
Cincinnati,  Ohio,  carries  a heavy  load  of  organic  waste.  This 
stream  drains  a large  portion  of  the  Cincinnati  area  and  a large 
number  of  organic  waste  producing  industries  are  located  in  the 
watershed.  However,  most  of  the  waste  entering  the  stream  results 
from  overflow  frcm  combined  sewers,  street  washings  and  effluent 
from  residential  septic  tanks. 

Shown  in  Table  13c  are  the  base  and  projected  waste  loads 
generated  before  treatment  for  minor  areas  and  the  minor  tributary 
stream.  Waste  loads  are  projected  to  increase  almost  threefold  by 
2020. 

Water  Quality  Control  Problems 

Listed  in  Telle  14c  are  the  areas  and  the  approximate 
beginning  date  where  problems  are  expected  during  low  flow  periods. 

The  table  indicates  the  need  for  stream  flow  regulation  for  quality 
control  after  secondary  treatment  or  other  appropriate  measures  for 
pollution  control. 

In  this  main  stem  reach,  the  major  quality  problem  occurs 
in  the  Cincinnati,  Ohio  area,  where  outfalls  frcm  major  sewer 
treatment  plants  in  Cincinnati  and  northern  Kentucky  discharge  to 
the  Ohio  River.  At  present,  these  facilities  give  primary  treatment 
to  organic  wastes  and  during  low  flow  periods,  intermediate  (chemical) 
treatment  is  aided  to  increase  removal  of  the  collectable  organic 
wastes.  The  natural  30  day  average  10  year  frequency  low  flow  is 
6,200  cfs.  Assuming  secondary  treatment,  a flow  of  8,000  cfs  should 
maintain  satisfactory  stream  conditions  below  Cincinnati.  However, 
by  1980,  due  to  projected  increased  residual  organic  waste  discharges, 
flow  needed  will  increase  to  about  11,000  cfs.  By  2000,  the  flow 
needed  will  increase  to  about  12,400  cfs  and  by  2020  to  13,200  cfs. 
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TAB  IE  l4c 


OHIO  RIVER  MAIN  STEM-CINCINNATI 


Direct  Drainage  and  Minor  Tributaries 
Present  and  Projected  Water  Quality  Control  problem  Areas 


Stream 


Vicinity 


Economic 

Area 


Approximate  Beginning  Date 
Present  19^0  2000  2020~ 


Ohio  River-Main 
Stem 

Cincinnati, 

Ohio 

K-2 

Mill  Creek 

Cincinnati, 

Ohio 

K-2 

Laughery  Creek 

Batesville, 

Ind. 

K-l 

X 

X 

X 


In  the  Mill  Creek  subbasin,  there  is  one  municipal  sewage 
treatment  plant  located  in  the  upper  basin.  The  problem  in  this 
basin,  however,  is  not  caused  by  insufficient  assimilative 
capacity  in  the  stream  but  rathei  due  to  flows  from  overloaded 
sanitary  sewers  and  overflow  from  combined  sewers . The  solution 
to  this  problem  is  construction  of  adequate  sanitary  sewers  to 
handle  sewage  from  the  watershed. 

In  minor  tributary  basins,  summer  design  flows  in  Laughcry 
Creek  below  Batesville,  Indiana  are  less  than  5 cfs.  Flows  in  the 
order  of  10  cfs  are  needed  at  the  present  increasing  to  15  cfs  by 
x980,  to  20  cfs  by  2000  and  to  25  cfs  by  2020.  There  are 
undoubtedly  other  small  tributaries  in  this  subarea  especially 
in  the  Cincinnati  Standard  Metropolitan  Statistical  Area,  that  ore 
adversely  affected  by  discharges  from  sewage  treatment  plants  of 
residual  wastes  remaining  after  secondary  treatment,  and  aLso 
discharges  from  residential  septic  tanks.  It  is  beyond  the  scope 
of  this  report  to  define  them  all. 

A potential  quality  problem  is  related  to  heat  entering 
with  cooling  water  discharges  from  thermal  power  plants.  Major 
sources  of  heat  release  to  the  main  stem  from  thermal  power 
generating  plants  are  in  Clermont  and  Hamilton  Counties  in  Ohio 
and  Dearborn  County  in  Indiana.  The  plant  located  in  Clermont  County 
will  have  a capacity  of  about  1,200  megawatts  by  1968  while  the  two 
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located  in  Hamilton  County  have  capacities  of  224  .*3  and  539-2 
megawatts.  In  Dearborn  County,  Indiana,  the  plant  has  been 
recently  expanded  to  a capacity  of  about  1,100  megawatts.  While 
these  plants  are  all  located  in  the  same  navigation  pool  (Markland) , 
the  problems  associated  with  heat  discharges  have  not  reached 
critical  proportions.  However,  careful  consideration  should  be 
given  to  locating  plants  downstream  from  Cincinnati  because  of  the 
adverse  affects  of  higher  stream  temperatures  on  dissolved  oxygen 
in  the  stream  and  increased  deoxygenation  rates. 


Ohio  River  Main  Stem- Louisville 
Present  and  Projected  Waste  Loads 

Present  organic  waste  loads  generated  before  treatment  are 
shown  in  Table  12d.  Major  organic  waste  discharges  occur  in  minor 
i area  N-2,  primarily  from  Louisville,  Kentucky,  and  the  Indiana 

cities  of  New  Albany  and  Jeffersonville  located  across  the  Ohio 
River  from  Louisville . 

Principal  tributaries  entering  this  reach  of  stream  are 
the  Kentucky  and  Salt  Rivers.  One  of  the  larger  minor  tributaries 
is  the  Blue  River.  Sizeable  organic  waste  loads  are  discharged  to 
Indian  Creek  by  the  community  of  Corydon,  Indiana.  Many  small 
tributaries  in  the  Louisville,  Kentucky  area  also  receive  sizeable 
residual  organic  waste  loads  from  sewage  treatment  plants . 

Shown  in  Table  13d  are  the  base  and  projected  organic  waste 
loads  generated  before  treatment  for  minor  areas  and  minor  tributaries . 
Waste  loads  generated  are  projected  to  increase  over  fourfold  in  this 
reach  by  2020.  Increases  in  the  order  of  seven  times  are  projected 
for  minor  areas  N-l  and  N-3  and  in  the  Blue  River  minor  tributary 
basin,  while  minor  area  N-2  is  projected  to  increase  just  slightly 
below  the  average  increase  for  the  subarea. 

Water  Quality  Control  Problems 

Listed  in  Table  l4d  are  the  areas  and  the  approximate 
beginning  date  where  problems  are  expected  during  low  flow  periods. 

The  table  indicates  the  need  for  stream  flow  regulation  for  quality 
control  after  secondary  treatment  or  other  appropriate  measures  for 
pollution  control. 
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TABLE  lUd 


OHIO  RIVER  MAIN  STEM- LOUISVILLE 


Direct  Drainage  and.  Minor  Tributaries 
Present  and  Projected  Water  quality  Control  Problem  Areas 


Stream 


Vicinity 


Economic 

Area 


Approximate  Beginning  Date 
Present  1900  2000  2020 


Big  Indian  Creek  Corydon,  Ind.  N-l  X 

Blue  River  Salem,  Ind.  Q-2  x2/ 


In  the  main  stem,  if  flows  are  supplied  upstream  at  Cincinnati 
to  maintain  satisfactory  stream  conditions , satisfactory  conditions 
will  be  maintained  below  Louisville,  Kentucky. 

In  the  minor  tributary  basins,  problems  could  occur  in  the 
Blue  River  below  Salem,  Indiana  with  design  flow  of  less  than  5 cf s . 
At  present , flow  in  the  order  of  6 cfs  is  indicated  after  secondary 
treatment,  increasing  to  12  cfs  in  19^0,  to  20  cfs  in  2000  and  to 
30  cfs  in  2020.  Since  Salem  is  located  in  the  headwaters  region, 
storage  of  water  for  purpose  of  water  quality  control  does  not  appear 
to  be  a feasible  solution  to  this  problem.  It  may  be  that  holding 
ponds  used  for  "polishing"  sewage  plant  effluent  and  for  discharge 
during  periods  of  higher  natural  flow  would  be  a feasible  solution. 

Stream  conditions  in  Big  Indian  Creek  below  Corydon,  Indiana 
are  unsatisfactory  at  present.  This  stream  has  a negligible  design 
flow,  and  f^ows  in  the  order  of  9 cfs  are  needed  at  present, 
increasing  to  15  cfs  by  I960,  to  20  cfs  by  2000  and  to  2b  cfs  by  2020. 

Many  minor  tributary  streams  in  the  greater  Louisville, 
Kentucky  area  have  unsatisfactory  conditions.  Solution  to  these 
problems  in  a major  metropolitan  area,  located  near  a major  body  of 
water,  is  not  low  flow  regulation  in  the  smaller  streams,  but  rather, 
improved  collection  and  transmission  of  treated  effluent  to  the 
larger  body  of  water. 


l/  Salem  has  initiated  improvement  to  its  sewage  treatment  plant. 


i- 


1 

\ 


A potential  quality  problem  is  heat.  Major  sources  of  heat 
release  to  the  main  stem  occurs  in  Jefferson  and  Floyd  Counties  in 
Indiana,  where  plants  with  capacities  of  1,304  MW  and  660  MW  are 
located  and  in  Jefferson  County,  Kentucky  where  plants  with 
capacities  of  50  MW,  337-5  MW  and  715-3  MW  are  located.  These 
plants  use  surface  water  for  cooling  purposes , but  sufficient 
flows  appear  to  be  available  in  the  stream  to  maintain  temperatures 
within  safe  limits.  In  a minor  tributary  basin,  Pleasant  Run  in 
Jefferson  County,  Indiana,  a plant  is  located  with  a capacity  of 
50  MW. 


Ohio  River  Main  Stem-Evansville 
Present  and  Projected  Waste  loads 


Present  organic  waste  loads  generated  before  treatment  are 
shown  in  Table  12e . Major  organic  waste  discharges  are  located  in 
minor  area  0-2,  primarily  from  the  Evansville,  Indiana  area, 
accounting  for  almost  50  percent  of  the  total  organic  waste  loads 
discharged  to  the  streams  in  subarea  0. 

Principal  tributaries  entering  the  reach  of  stream  are  the 
Green,  Wabash,  Cumberland,  and  Tennessee  Rivers.  Minor  tributaries 
are  the  Tradewater  and  Saline  Rivers . 

Shown  in  Table  13e  are  the  base  and  projected  organic  waste 
loads  generated  before  treatment  for  minor  areas  and  minor  tributaries. 
Waste  loads  generated  are  projected  to  increase  about  3-5  times  in 
this  reach  by  2020.  Increase  in  the  order  of  2.5  times  is  projected 
for  minor  area  0-1,  3-5  times  for  minor  area  0-2,  and  four  times  for 
minor  area  0-3-  Waste  loads  in  the  Saline  River  Basin  and  the 
Tradewater  River  Basin  are  projected  to  double  by  2020. 

Water  Quality  Control  Problems 

Listed  in  Table  l4e  are  the  areas  and  the  approximate 
beginning  date  where  problems  are  expected  during  low  flow  periods. 

The  table  indicates  the  need  for  stream  flow  regulation  for  quality 
control  after  secondary  treatment  or  other  appropriate  measures  for 
pollution  control. 
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TABLE  l4e 


OHIO  RIVER  MAIN  STEM-EVANSVILIE 


Direct  Drainage  and  Minor  Tributaries 
Present  and  Projected  Water  Quality  Control  Problem  Areas 


Stream 


Vicinity 


Economic 

Area 


Approximate  Beginning  Date 
Present  i960  2000~  2020 


Saiine  River  Harrisburg, 111.  0-1 


X 


In  the  main  stem,  there  is  no  apparent  need  for  streamflov  over 
and  above  that  provided  upstream  at  Cincinnati,  Ohio,  in  order  to 
maintain  satisfactory  stream  conditions  in  the  main  stem. 

The  Saline  River  below  Harrisburg,  Illinois  has  a design  flow 
of  less  than  5 cf s . Presently  Harrisburg  has  secondary  treatment. 
Indications  are  that  flows  in  the  order  of  15  cfs  are  needed  now, 
increasing  to  20  cfs  by  I98O,  to  28  cfs  by  2000  and  to  35  cfs  by  2020 
to  assimilate  effluent  from  secondary  treatment.  There  are  undoubtedly 
other  s»al 1 tributaries  adversely  affected  by  discharge  of  residual 
wastes  remaining  after  secondary  treatment,  but  it  is  beyond  the 
scope  of  this  report  to  define  all  of  them. 

Other  present  or  potential  quality  problems  are  heat  and  mine 
drainage.  Major  sources  of  heat  release  to  the  main  stem  are  from 
thermal  power  generating  plants  located  in  Warrick  County,  Indiana, 
with  capacities  of  143  and  125  MW;  in  Vanderburgh  County,  Indiana, 
with  capacities  of  22.2  and  121.5  MW;  in  Daviess  County,  Kentucky, 
a plant  with  a capacity  of  203.5  MW;  in  Henderson  County,  Kentucky, 
a plant  with  a capacity  of  25  MW;  in  McCracken  County,  Kentucky,  a 
plant  with  a capacity  of  1,500  MW  and  in  Massac  County,  Illinois, 
a plant  with  a capacity  of  1,100.3  MW.  Sufficient  flows  in  the 
Ohio  River  appear  to  be  available  to  maintain  stream  temperatures 
within  safe  limits . 

Mine  drainage  adversely  affect  portions  of  the  Saline  and 
Tradewater  Rivers  and  their  tributaries  and  the  direct  drainage 
tributaries  of  Pup  Creek  and  Blackford  Creek.  The  Saline  River  is 
in  Illinois;  the  remaining  streams  are  in  Kentucky. 

A problem  recently  developed  involves  pH  values  greater  than 
9.0.  The  high  alkalinity  problem  appears  to  be  related  to  the 
chemical  industry  below  Louisville,  Kentucky. 


TABLE  la 


OHIO  RIVER  MAIN  STEM-UPPER 

Direct  Drainage  and  Minor  Tributaries 
Counties  in  Basin 

State  County  Percent  of  Land  Area  in  Basin 

Direct  Drainage 


Pennsylvania 

Allegheny 

22.4 

Ohio 

* 

Athens 

17.5 

Pennsylvania 

Beaver 

51.3 

Ohio 

* 

Belmont 

80.0 

West  Virginia 

* 

Brooke 

100.0 

Pennsylvania 

Butler 

0.2 

Ohio 

Carroll 

20.0 

It 

* 

Columbiana 

83.4 

Pennsylvania 

Greene 

6.4 

West  Virginia 

* 

Hancock 

100.0 

Ohio 

Harrison 

27.7 

It 

* 

Jefferson 

100.0 

Pennsylvania 

Lawrence 

10.4 

Ohio 

Mahoning 

17.8 

West  Virginia 

* 

Marshall 

78.2 

Ohio 

* 

Monroe 

90.8 

II 

Noble 

44.3 

West  Virginia 

* 

Ohio 

37.4 

II  II 

* 

Pleasants 

55.2 

II  II 

* 

Tyler 

7.6 

TABLE  la  (cont’d) 
OHIO  RIVER  MAIN  STEM-UPPER 


Direct  Drainage  and  Minor  Tributaries 
Counties  in  Basin 


State  County  Percent  of  Land  Area  in  Basin 


Ohio 

* 

Washington 

63.0 

Pennsylvania 

Washington 

24.7 

West  Virginia 

* 

Wetzel 

98.7 

ff  If 

* 

Wood 

^5.9 

Tributaries 

Chart iers  Creek 

Pennsylvania 

Allegheny 

11.7 

ft 

Washington 

21.4 

Raccoon  Creek  (in  Pennsylvania) 

Pennsylvania 

Allegheny 

2.3 

ft 

Beaver 

21.0 

ft 

Washington 

8.3 

Wheeling  Creek 

Pennsylvania 

Greene 

14.9 

West  Virginia 

* 

Marshall 

21.8 

fl  ft 

* 

Ohio 

62.6 

Pennsylvania 

Washington 

8.8 

F' 

^ 

TABIE  la  (cont’d) 

• 

OHIO  RIVER  MAIN  STEM-UPPER 

Direct  Drainage  and  Minor  Tributaries 
Counties  in  Basin 

State 

County  Percent  of 

Land  Area  in  Basin 

Middle  Island  Creek 

West  Virginia 

* Doddridge 

79-7  1 

It  M 

* Pleasants 

4J+.8 

II  It 

* Tyler 

92.4 

It  It 

* Wetzel 

1.3 

Hocking  River 

I 

Ohio 

* Athens 

74.2 

ft 

Fairfield 

56.4 

tl 

Hocking 

52.7 

ft 

Morgan 

15.1 

ft 

Perry 

57.9 

ft 

* Washington 

3.1 

^Counties  considered  in  economic  projections  of 
Ohio  River  Main  Stem-Upper. 

• 
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TAB1£  lb 


OHIO  RIVER  MAIN  STEM- HUNTINGTON 

Direct  Drainage  and  Minor  Tributaries 
Counties  in  Basin 


Kentucky- 

* 

Boyd 

20.2 

West  Virginia 

* 

Cabell 

29.6 

Ohio 

* 

Gallia 

61.7 

Kentucky 

* 

Greenup 

20.9 

Ohio 

Hocking 

0.0 

If 

* 

Jackson 

38.3 

West  Virginia 

* 

Jackson 

84.7 

Ohio 

* 

Lawrence 

100.0 

Kentucky 

* 

Lewis 

92.0 

West  Virginia 

* 

Mason 

53-2 

Ohio 

* 

Meigs 

96.7 

1! 

* 

Pike 

9-6 

West  Virginia 

Putnam 

1.0 

If  If 

Roane 

8.5 

Ohio 

* 

Scioto 

59.7 

II 

* 

Vinton 

0.0 

West  Virginia 

* 

Wayne 

3.5 

If  II 

Wirt 

0.9 

TABLE  lb  (cont'd) 

OHIO  RIVER  MAIN  STEM-HUNT INGTON 

Direct  Drainage  and  Minor  Tributaries 
Counties  in  Basin 

State  County  Percent  of  Land  Area  in  Basin 

Tributaries 

Ohio-Racoon  Creek 


Ohio 

Athens 

7.5 

It 

* 

Gallia 

38.3 

IT 

Hocking 

11.0 

II 

* 

Jackson 

23.2 

It 

* 

Meigs 

3.3 

II 

* 

Vinton 

70.8 

Twelvepole  Creek 

West  Virginia 

* 

Cabell 

1.8 

II  II 

Lincoln 

3-2 

II  II 

Mingo 

12.6 

It  II 

* 

Wayne 

73.1 

Tygart  Creek 

Kentucky 

Carter 

41.9 

II 

* 

Greenup 

43.8 

^Counties  considered  in  economic  projections  of 
Ohio  River  Main  Stem- Huntington. 
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TABLE  lc 


OHIO  RIVER  MAIN  STEM- CINCINNATI 

Direct  Drainage  and  Minor  Tributaries 
Counties  in  Basin 


State 

County 

Percent  of  Land  Area  in  Basin 

Ohio 

* 

Adams 

77.0 

Kentucky 

* 

Boone 

96. 4 

If 

* 

Bracken 

55-9 

Ohio 

* 

Brown 

74.4 

Kentucky 

* 

Campbell 

56.2 

Ohio 

* 

Clermont 

34.0 

Indiana 

* 

Dearborn 

84.5 

If 

Decatur 

4.0 

If 

Franklin 

4.0 

Kentucky 

* 

Gallatin 

63.8 

Ohio 

* 

Hamilton 

16.4 

If 

Highland 

41.8 

Kentucky 

* 

Kenton 

13.5 

If 

* 

Mason 

38.4 

Indiana 

* 

Ohio 

100.0 

Kentucky 

Pendleton 

8.6 

Indiana 

* 

Ripley 

62.7 

Ohio 

Ross 

0.2 

Indiana 

* 

Switzerland 

100.0 
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TABLE  lc  (cont'd) 

OHIO  RIVER  MAIN  STEM- CINCINNATI 

Direct  Drainage  and  Minor  Tributaries 
Counties  in  Basin 

State 

Tributaries 
Mill  Creek 
Ohio 


County  Percent  of  Land  Area  in  Basin 

Butler  10.2 

Hamilton  27.1 


♦Counties  considered  in  economic  projections  of 
Ohio  River  Main  Stem-Cincinnati. 
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TABLE  Id 


OHIO  RIVER  MAIN  STEM- LOUISVILLE 

Direct  Drainage  and  Minor  Tributaries 
Counties  in  Basin 


State 

Direct  Drainage 

County 

Kentucky 

* 

Breckinrid 

If 

* 

Bullitt 

II 

* 

Carroll 

Indiana 

* 

Clark 

It 

* 

Crawford 

It 

* 

Floyd 

Kentucky 

Hardin 

Indiana 

* 

Harrison 

Kentucky 

Henry 

Indiana 

* 

Jefferson 

Kentucky 

* 

Jefferson 

II 

* 

Meade 

It 

* 

Oldham 

Indiana 

Scott 

Kentucky 

* 

Trimble 

Indiana 

Washington 

Percent  of  Land  Area  in  Basin 

60.3 

1.6 

36.5 

95.4 

58.4 

87.7 
18.2 
66.9 

4.4 
49.2 

68.7 

100.0 

69.4 

8.2 

77.0 

1.4 
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State 

County 

Percent  of  Land  Area  in  Basin 

Tributaries 
Blue  River 
Indiana 

* 

Clark 

4.2 

fl 

* 

Crawford 

22.7 

II 

* 

Floyd 

12.3 

II 

* 

Harrison 

23.1 

II 

Orange 

2.8 

II 

Washington 

53.2 

♦Counties  considered  in  economic  projections  of 
O.iio  River  Main  Stem- Louisville. 
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TABLE  le 


i 

i 


OHIO  RIVER  MAIN  STEM-EVANSVILLE 

Direct  Drainage  and  Minor  Tributaries 
Counties  In  Basin 


State 

Direct  Drainage 


County 


Percent  of  Land  Area  in  Basin 


Illinois 

Alexander 

48.1 

Kentucky 

* 

Ballard 

56.3 

II 

* 

Caldwell 

0.0 

It 

* 

Crittenden 

55.2 

II 

* 

Davit ss 

28.8 

Indiana 

Du  Bois 

11.6 

Illinois 

* 

Gallatin 

7.9 

Indiana 

Gibson 

29.2 

Kentucky 

* 

Hancock 

85.3 

Illinois 

* 

Hardin 

79-7 

Kentucky 

* 

Henderson 

65.3 

Illinois 

* 

Johnson 

80.7 

Kentucky 

* 

Livingston 

49.5 

It 

* 

McCracken 

66.7 

It 

* 

McLean 

0.0 

Illinois 

* 

Massac 

100.0 

Indiana 

* 

Perry 

100.0 

II 

Pike 

2.3 

Illinois 

* 

Pope 

100.0 

Indiana 

* 

Posey 

25.4 

i 
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TABLE  le  (cont'd) 

OHIO  RIVER  MAIN  STEM-EVANSVILLE 

Direct  Drainage  and  Minor  Tributaries 
Counties  in  Basin 


State 

County 

Percent  of  Land  Area  in  Basin 

Illinois 

* 

Pulaski 

100.0 

ft 

* 

Saline 

0.0 

Indiana 

* 

Spencer 

98.0 

Illinois 

Union 

kk.2 

Kentucky 

* 

Union 

59-6 

Indiana 

* 

Vanderburgh 

71.9 

If 

* 

Warwick 

96.6 

Kentucky 

* 

Webster 

10.5 

Tributaries 

Saline  River 

Illinois 

Franklin 

9*6 

If 

* 

Gallatin 

80.2 

If 

Hamilton 

51.1 

ft 

* 

Hardin 

20.3 

If 

* 

Johnson 

13.9 

If 

* 

Saline 

100.0 

White  11.9 

28.1 
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TABIE  le  (cont'd) 

OHIO  RIVER  MAIN  STEM-EVANSVILLE 


Direct  Drainage  and  Minor  Tributaries 
Counties  in  Basin 


State  County  Percent  of  Land  Area  in  Basin 

Tradewater  River 


Kentucky 

* 

Caldwell 

55.3 

II 

Christian 

13.8 

II 

* 

Crittenden 

23.0 

II 

Hopkins 

47.1 

II 

l 

* 

Union 

40.4 

II 

* 

Webster 

49.3 

♦Counties  considered  in  economic  projections  of 
Ohio  River  Main  Stem-Evansville . 
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TABLE  2 


OHIO  RIVER  MAIN  STEM 


Minor  Tributaries  and  Drainage  Areas 


Tributary 


Drainage  Area 
Sq.  Miles 


Length  of 
Stream 
(miles) 


Miles  from 
Pittsburgh 


Chart iers  Creek, Pa. 

277 

2.5 

Raccoon  Crtek,  Pa. 

200 

29.6 

L. Beaver  River,  Ohio 

510 

51 

39.5 

Yellow  Creek,  Ohio 

240 

34 

50.4 

Cross  Creek,  Ohio 

128 

27 

71.6 

Buffalo  Creek,  W.Va. 

160 

74.7 

Short  Creek,  Ohio 

147 

29 

81.4 

Wheeling  Creek,  Ohio 

108 

30 

91.0 

Wheeling  Creek,  W.Va. 

300 

28 

91.0 

McMahon  Creek,  Ohio 

91 

94.7 

Grave  Creek,  W.Va. 

75 

102.5 

Captina  Creek,  Ohio 

181 

39 

109.6 

Fish  Creek,  West  Va. 

250 

113.8 

Sunflsh  Creek,  Ohio 

114 

31 

118.0 

Fishing  Creek,  W.Va. 

220 

128.3 

Middle  Island  Crk.,W.Va. 

560 

154.0 

L. Muskingum  River,  Ohio 

315 

70 

168.3 

Duck  Creek,  Ohio 

288 

52 

170.7 

L. Hocking  River,  Ohio 

103 

18 

191.8 

Hocking  River,  Ohio 

1,200 

95 

199.5 

Federal  Creek 

145 

24 

Sunday  Creek 

139 

27 

Monday  Creek 

116 

27 

Clear  Creek 

91 

23 

Rush  Creek 

236 

37 

Ohio-Huntington  Reach 

38 

Shade  River,  Ohio 

221 

210.6 

Sandy  Creek,  W.Va. 

115 

220.6 

Mill  Creek,  W.Va. 

230 

231.5 

Leading  Creek,  Ohio 

151 

30 

254.2 

Raccoon  Creek,  Ohio 

684 

109 

276.0 

Syrnmes  Creek,  Ohio 

356 

70 

309.0 

Twelvepole  Creek,  W.Va. 

440 

313.3 

Pine  Creek,  Ohio 

185 

48 

346.9 

L. Scioto  River,  Ohio 

233 

41 

349.0 

Tygarts  Creek,  Kentucky 

336 

353.3 

Kinniconnick  Creek,  Ky. 

253 

368.1 
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TABLE  2 (cont'd) 

OHIO  RIVER  MAIN  STEM 
Minor  Tributaries  and  Drainage  Areas 


Drainage  Area 

Tributary  Sq.  Miles 

Length  of 
Stream 
(miles) 

Miles  from 
Pittsburgh 

Ohio-Cincinnati  Reach 

Ohio  Brush  Creek,  Ohio 

435 

57 

388.0 

Eagle  Creek,  Ohio 

151* 

31 

415.7 

Whiteoak  Creek,  Ohio 

234 

49 

423.9 

Mill  Creek,  Ohio 

166 

28 

472.5 

Tanners  Creek,  Indiana 

136 

494.8 

Laughery  Creek,  Indiana 

350 

498.7 

Ohio- Louisville  Reach 

L. Kentucky  River,  Ky. 

1U7 

35 

546.5 

Indiem  Kentucky  R.,  Ind. 

150 

550.5 

Silver  Creek,  Ind. 

225 

606.5 

Big  Indian  Creek,  Ind. 

249 

657.0 

Blue  River,  Ind. 

466 

663.0 

Sinking  Creek,  Ky. 

199 

700.9 

Ohio-Evansville  Reach 

Anderson  Creek,  Ind. 

276 

731.3 

Blackford  Creek,  Ky. 

124 

742.2 

L.Pigeon  Creek,  Ind, 

415 

773.0 

Pigeon  Creek,  Ind, 

375 

792.9 

Saline  River,  111, 

1,235 

867.5 

Tradewafcer  River,  Ky. 

995 

873.5 

Cache  River,  111. 

720 

975.7 

i 

I 


I 

jj 
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OHIO  RIVER  MAIN  STEM-UPPER 


Part  of  Pittsburgh,  Pennsylvania  urbanized 


OHIO  RIVER  MAIN  STEM-HUNTINGTON 


OHIO  RIVER  MAIN  STEM-CMCINNATI 


Part  of  Cincinnati,  Ohio  urbanized  area. 


OHIO  RIVER  MAIN  STEM-LOUISVILI£ 


Unincorporated 

Part  of  Louisville  entucky  urbanized 


TABLE  3e 


TABLE  4 


OHIO  RIVER  MAIN  STEM 


Reservoirs 

- Area  100  Acres  or  Greater 

Perm  .Pool 

Storage  (acre- 

■feet) 

Area 

Flood  Water 

Name 

Purpose 

(acres) 

Control  Supply 

Other 

Upper  Ohio 

Tam  Jenkins 

F,  W,  R 

394 

17,600  5,800 

3,500 

Belmont  Lake 

R 

117 

Guilford  Lake 

R 

326 

2,510 

Salem 

W 

115 

2,086 

Dow  Lake 

R 

153 

1,884 

Forked  Run  Lake 

R 

107 

Hocking  County 
Lake 

R 

340 

Ohio  River-Huntington 

East  Lynni/ 

F,  A 

823 

70,795 

11,705 

Lake  Hope 

R 

120 

1,506 

Jackson  Lake 

R 

243 

1,700 

Tycoon  Lake  v 

R 

204 

2,000 

Ohio  River-Cincinnati 

West  Fork-Mill 
Creek 

F,  R 

183 

9,850 

1,530 

Grant  Lake 

R 

221 

1,190 

Batesville 

W 

200 

2,100 

Versailles 

W,  R 

266 

2,970 

Ohio  River-Louisville 

Georgetown 

W 

455 

Doe  Run 

R 

200 

Ohio  River-Evansville 

Lake  Brashear 

W,  R 

857 

9,000 

Lake  Egypt 

2,400 

42,590 

Open  Pond 

544 

Harrisburg  New 
North  Reservoir  W 

202 

2,763 

Sarah  Coal  Co. 

Lake 

102 

614 

Horseshoe  Lake 

R 

2,400 

Me  met  Lake 

R 

690 

The  Big  Sink 

135 

1/  Under  Construction 

F - Flood  Control 
R - Recreation 
W - Water  Supply 
A - Low  flow  regulation 


OHIO  RIVER  MAIN  STEM-PITTSBURGH  SMSA 


OHIO  RIVER  MAIN  STEM- PITTSBURGH  SMSA 


Total  Subarea  E 700,700  392,000  744,900  439,000  855,560  540,000  990,000  695,000 


OHIO  RIVER  MAIN  STEM-UPPER 


In  millions  of  i960  dollars. 

i960  = 100 


TABLE  8a 

OHIO  RIVER  MAIN  STEM-UPPER 


Direct  Drainage  and  Minor  Tributaries 


Count ies 

Considered  in  Economic 

Base 

of  Adjoining  Subareas 

State 

County 

Included  in  Economic  Subareas 

Pennsylvania 

Allegheny 

C 

Pittsburgh  SMSA 

It 

Beaver 

c 

Pittsburgh  SMSA 

II 

But ler 

D 

Beaver 

Ohio 

Carroll 

F-3 

Muskingum 

tl 

Fairfield 

1-1 

Scioto 

Pennsylvania 

Greene 

B-l 

Monongahela 

Ohio 

Harrison 

F-3 

Muskingum 

II 

Hocking 

1-1 

Scioto 

Pennsylvania 

Lawrence 

D 

Beaver 

Ohio 

Mahoning 

D 

Beaver 

tl 

Morgan 

F-l 

Muskingum 

ll 

Noble 

F-l 

Muskingum 

II 

Perry 

F-l 

Muskingum 

Pennsylvania 

Washington 

C 

Pittsburgh  SMSA 
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TABLE  8b 

OHIO  RIVER  MAIN  STEM- HUNTINGTON 

Direct  Drainage  and  Minor  Tributaries 
Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  Subarea 

Ohio 

Athens 

E-l 

Upper  Ohio 

Kentucky 

Carter 

J-l 

Guyandot-Big  Sandy- Little 

Sandy 

Ohio 

Hocking 

1-1 

Scioto 

West  Virginia 

Lincoln 

J-3 

Guyandot-Big  Sandy- Little 

Sandy 

It  l» 

Mingo 

J-3 

Guyandot-Big  Sandy- Little 

Sandy 

II  II 

Putnam 

G-l 

Kanawha- Litt le  Kanawha 

II  II 

Roane 

G-b 

Kanawha- Litt le  Kanawha 

tl  11 

Wirt 

G-3 

Kanawha- Little  Kanawha 

13-78 


A M 


OHIO  RIVER  MAIN  STEM-CINCINNATI 
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♦In  millions  of  i960  dollars. 
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TABLE  8c 


OHIO  RIVER  MAIN  STEM- CINCINNATI 
Direct  Drainage  and  Minor  Tributaries 


Counties 

Considered  in  Economic 

Base 

of  Adjoining  Subareas 

State 

County 

Included  in  Economic  Subarea 

Ohio 

Butler 

L-2 

Little  Miami-Miami 

Indiana 

Decatur 

Q-2 

White 

It 

Franklin 

L-l 

Little  Miami-Miami 

Ohio 

Highland 

1-1 

Scioto 

Kentucky 

Pendleton 

M-3 

Licking- Kentucky-Salt 

Ohio 

Ross 

1-1 

Scioto 

jA 
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Total  Subarea  N 852,600  637,300  1,141,570  928,000  1,473,620  1,240,000  1,820,000  1,531,000 
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*In  millions  of  i960  dollars 


TABIE  8d 

OHIO  RIVER  MAIN  STEM- LOUISVILLE 

Direct  Drainage  and  Minor  Tributaries 
Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Included  in  Economic  Subarea 

Kentucky 

Hardin 

P-2 

Green 

If 

Henry 

M-2 

Licking- Kentucky- Salt 

Indiana 

Orange 

Q-2 

White 

tl 

Scott 

Q-2 

White 

It 

Washington 

Q-2 

White 

13-84 
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Base  and  Projected  Industrial  Activity 


In  millions  of  i960  dollars 


TABLE  8e 


OHIO  RIVER  MAIN  STEM- EVANSVILLE 

Direct  Drainage  and  Minor  Tributaries 
Counties  Considered  in  Economic  Base  of  Adjoining  Subareas 


State 

County 

Illinois 

Alexander 

Kentucky 

Christian 

Indiana 

DuBois 

«« 

Gibson 

Illinois 

Hamilton 

Kentucky 

Hopkins 

Indiana 

Pike 

Illinois 

Union 

It 

Williamson 

Included  in  Economic  Subarea 


« 

S-l 

Cumberland 

Q-l 

White 

Q-l 

White 

R-l 

Wabash 

P-1 

Green 

Q-l 

White 

* 

# 

Not  included  in  Projective  Economic  Study  of  Ohio  River  Basin. 
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TABI£  9a  (cant'd) 


OHIO  RIVER  MAIN  STEM  - UPPER 
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OHIO  RIVER  MAIN  STEM  - HUNTINGTON 


d <D  Hd  . 
■P  oi  bO 

O D B 

E-*  ' — • 

cb 

■P  tJ 

vH  0)  O 

<D  ft  W Pj 

d P S| 


»d 
• a> 


QJ 

w 

d 

0) 

-p 

tO  £5 

Sri 

■H, 

pfl 

JO-P 
•h  m 

i=i 

C'g 

•H  C 
£« 

c 5 

«J_g, 

01  O 

5i 

Q 4) 
M-P 
-P  « 
cj  a> 

QJ  #r0 

^ ? 

•H  P 

'd 

c 

ctf 

<U 

w 

d 

CQ 


§4 


O 

vD, 

ON 


aJ  ✓-> 

-p  'd 

p *h  a)  o 
o p<  w p. 
ft  o S 


*d 

• 0) 

&£ 
Ph  a> 
CO 


d 0)  xJ, 

g=ii 

«J 

-p  *a 
P -H  4)  Cl, 
4)  a w pi 
P-,  « p Gfl 


• 4) 

Pi  4) 
CO 


«1  4M3, 
■P  V3  M 

o p e1 

H >- 


a) 

-P  TJ 
(i  *H  1)  O 
41  p,  W pi 

Pi  «J  P El 


P 

• 4) 

8-S 

Ph  <D 

CO 


LTN  O 


CO  LTN 
rH  -3" 


on 

>& 


o 

on 


cvi 

-3- 

rH 


o o 


ON  LTN 

c 


fO 


l VO 


vO  VO 

CO 


ON 

On 


O 

CO 

C\l 


vO 


ON 


VO  LTN 

-3-  O 


00  pb 


O O 


O 

i — I 


o 

LTN 

rH 

OJ 


o 

m 


M3 

rH 

rH 


on  » 

OJ  I 


LTN 

O 

rH 


CM 

CM 


rH 

o o 

o 

IT\  O 

LTN 

on  o Ion 

CO  NO 

4* 

III  11 

• • 

• 

• • 

• 

• M * 

• • 

• 

-p  w bo 

on  cj 

ITN 

on  LTN 

X) 

tn-  c-U* 

»H  O 

CM 

O p 0 

rH  o 

rH 

on  rH 

-3- 

Op 

h n. 

c- 

CvJ 

LTN 

LTV 

rH  |rH 

CO 


8 

CO 

CJ 


on  o 

• • 

LTN  O 
J . -3- 
on 


£ 

,03 


o- 

o 


CM  O 

00  CO 
rH  ro] 
CM 


C~- 

ON 


O 

nf 

o 

CO 

co 


,CM 


ir\ 


ITN 

o 


o 

o 

o 

c\ 

ON 

NO 


nt  out- 

• • • 

JN  Cn-4- 
LTN  vO 


LTV 

ON 


Q 

O 

O 

O 

O 

O 

rH 

On 

CO 

NO 

NO 

co 

ON 

l/N 

CO 


O > C- 

on 


LTN 

CO 


o 

l/\ 

PJ- 


ON 


o 

kt 


& 


o 

o 

o 

00 


on  m| 

• • 

•H  O 


KO 


& 


o 

o 

J* 


ON  CM 


LTN 


OHIO  RIVER  MAIN  STEM  - CINCINNATI 


OHIO  RIVER  MAIN  STEM  - CINCINNATI 


OHIO  RIVER  MAIN  STEM  - LOUISVILLE 


TABLE  lOd  (cont'd) 


8 


a 

pa 

2 


1 — i ^ 

ON  o 

ON 

3 

0 

on 

On  on 

Oj 

LfN  rH 

03  03  rd 

• • 

• • 

« 

• • 

• 

• • 

-P  w bD 

m o 

on 

HT  rH 

un 

0-  OJ 

o 

Hi*  Oj 

O fD  E 

rH  rH 

Cu 

LfN  CO 

X 

0J  OJ 

LTN 

Eh  — 

aj  ^ 

43  'd 

<13 

O 

P -H  03  O 

CO 

LfN 

OJ 

00 

w 

O 

03  P<  W pH 

o 

vO 

rH 

vO 

:o 

O 

Ph  aj  jo  5> 

rH 

rH 

rH 

rH 

C\J 

o — 

u 

03 

-P 

W a3 

O 

o 

o 

o 

03  ^ 

T3 

o 

o 

o 

o 

w 

•H 

• 03 

o 

o 

o 

o 

3 

h •-* 

pa  > 

*> 

*» 

r\ 

3 

3 cd 

O P 

On 

ON 

ON 

M 

43  -H 

Ph  <13 

OJ 

OJ 

nfr 

OJ 

> 

CO 

rH 

on 

Oj 

c n 

,P  -p 

s 

*H  M 

< 

*h  2 

lH  r~N 

> 

E-<  'a 

Cd  03  T3 

0-  o 

o- 

on 

o 

h}- 

X 

OJ  0 ! 

w 

c 

-p  w bp 

• • 

• 

• • 

• 

• • 

• 

• % 

U M 

o :=>  e 

o vo 

vO 

ON  rH 

rH 

vO  -d- 

o 

On  rH 

1 

o 

Eh  — 

rH 

rH 

on  Cv 

x 

i — 1 rH 

on 

G T) 

s 

•H  G 

cd 

w 

5£  Ctf 

43  T3 

P 

o 

3m  *H  03  o 

CO 

o 

OJ 

rH 

CO 

rd  r- i 

CO 

ID  ft  W ft 

O 

vO 

o 

vO 

G cd 

o> 

pH  cd  ZD  120 

rH 

rH 

rH 

s 

3 p. 

•H 

( — i 

a — 

<£ 

0)  O 

bo  *h 

G 

O 

o 

O 

o 

cc 

G 3 

*d 

o 

o 

o 

o 

•H  S 

• 03 

CO 

on 

co 

rH 

£> 

cd 

Pa  > 

CN 

9S 

*N 

M 

U T3 

O ft. 

co 

LfN 

o 

O 

cr: 

Q 03 

PH  03 

o 

nr 

vO 

-P 

CO 

1 — 1 

oj 

rH 

o 

-P  o 

M 

o <u 

£rj 

a;  -o 

O 

^ o 

1 1 

•H  P 

cd  id  Ti 

o ir\ 

IT\ 

on 

o 

LTN  CO 

on 

onvO 

Q Pa 

-P  w 00 

• • 

• 

• • 

• • 

• 

• • 

O 3 6 

co  on 

— 1 

U~\  OO 

ON 

o-co 

ko 

Td 

ft  •— • 

rH 

OJ  rH 

on 

rH 

c 

cd 

as  - — • 

<u 

-p  -d 

w 

o 

ft  *H  O CJ 

ON 

VO 

on 

m 

cd 

NO 

(1)  ft  W ft 

co 

4* 

ON 

LfN 

CQ 

ctn 

ft  a D B 

rH 

rH 

f — 1 

o ^ 

cn 

in 

o 

o 

n 

vO 

c- 

o 

o 

• 4) 

Co 

ON 

Ht 

X 

ft  > 

r\ 

*\ 

O ft 

O 

on 

o 

-d- 

ft  ttJ 

On 

CO 

rH 

c/a 

r — 1 

! 1 


Cd  d Tj 
p W tiO 

H — 

cd 

-P  *d 
O P -H  d O 

cj  a;  ft  w p 

O p.,  cd  D bO 

OJ  o ^ 


cd  d 'd 

■p  w tjfl 

ODfi 
H '- 

cd 

p *d 

O P -H  <D  O 

o aj  p.  w ft 

O (P  cd  D ® 

OJ  O — ' 


• • • 

d-  O J- 


p ' 

c ^ 

8 g 

w c/3 

5 5 


ttf  OJ  TJ 
-P  w 60 

ODE 

Eh  — - 

K)  - 

•P  X) 

0 P -H  01  U 

co  n ft  io  a 

ON  p-t  £fl  D qO 

1 1 O v — - 


o 

r — 1 r — * 

d 

cd  d *d 

•n> 

p c/3  tap 

o 

ODE 

P 

Eh  -O 

PH 

t* 

cd 

C 

4->  t* 

cd  o 

P *H  d O 

VO 

(D  ft  W p 

<D  ON 

P-,  cd  D bo 

c/3  rH 

a w 

cd 

PQ 

ON  ON 

• O • 

I I I — I 


13- 97b 


irvvo  f . 
c\;  c-~ 


irv 

R 

d 

CO 

cv 

rH 

ir\ 

CO 

On 

i — 1 

vD 

** 

*N 

•H 

VO 

Lf\ 

> 

€Vf 

(Vi 

rH 

C/3 

O 

S 

p- 

W 

C/3 

> 

o 

d 

w 

•H 

•H 

C/3 

rH 

rH 

1 

d 

P< 

o, 

•H 

§• 

a 

d 

E 

d 

rH 

P. 

CO 

P 

co 

p 

P< 

rH 

d 

C/3 

d 

cd 

rH 

> 

rH 

C/3 

p 

cd 

•H 

cd 

q 

o 

hj 

p 

P 

rH 

rH 

PC 

P rH 

rH 

•H 

rH 

Eh 

< 

d 

P 

cd 

cd 

-P  cd 

cd 

cd 

CO 

Eh 

> 

c 

•H 

P 

P 

C -H 

P 

IS 

p 

rH 

O 

•H 

d 

P 

O 

d 

d P 

O 

p 

cd 

Eh 

D r, 

o 

P 

-P 

-p 

o -P 

P 

p 

G 

r — < 

•H 

</3 

M 

cd 

c/3 

P 

d 

d 

a? 

P 

e 

d 

g 

5 

£ 

g d 

d 

> 

o 

P 

P 

C 

o 

*d 

C/3 

d 

6 ^d 

C/3 

•H 

O 

9 s; 

*H 

p 

c 

T3 

p £ 

cc 

r 

H 

rH 

CP 

M 

cd 

Cp  M 

o 

T3 

C 

cd 

ft 

o 

p 

C 

•H 

JP 

M 

OHIO  RIVER  MAIN  STEM 


OHIO  RIVER  MAIN  STEM  - UPPER 


- 1 (\i  t-  ro  H 
r-<  H C»J  ICO 


888 

mco  rH 


8 8 

C IAO  )lT\ 


OOOOIAOOI 
r-i  if\  VO  -3  O O O 
CT\  CM  H -4-  O 

r\  rv  rv  r\  r\  r\. 

IAHCO  H m CO^j- 
4-  h ia  m ir\  c\j  la 


x 

H 

o • • 

• 

X X 

X 

C h ^ 
o o u 

o 

3 o t< 

p 

44 

3E«  *P  <u 

Si 

<D 

o i > 

• o 

44 

a) 

S <*-.  aS 

X X 

<D 

h 

•>6  bp 

x w £ 

^ O H 
O > 0) 
d D 
m u fi 
t)  o s 
o 

6 u u 
~ > > 
« as  a; 


o o o o o o o 

*H  *H  *H  *H  *H  *H  t-< 

Jd  x M x x x x 

o o o o o o o 


« a pj  k 


8 818 

CO  vO  30 


44  44  4d 

4>  4)  4> 

o a)  a> 


WWW 
H W M 


o 

-p 

f,  vf 

4>  4j  0j 

2 2 

TJ  *w 

T*  T* 

CO  <5 

ass 

OOOOltnQQla 
H LfA  vD  O O Q 
ONC\J  H O O 

cr\  X ao  r-i  ronojt  30 

X r-l  lf\  0O  IT\  CM  l/N  C'- 
CM 


O O O 
cO  Q -O 

CM  O CM 


<H  oOONX  OMCNCMlCO 


H H M CO 


•H  X W H 

o d y b c) 

X E 8 <u  X 

8 3 O Vi  w O 

H 5 in  H -H 

ia  o ^ .a>  « ^ 

m o 3 *-3  S O 


O P O P O P : 
•H  M *H  CJ  T-(  M 
£ u £ t;  £ ti 
O se  O :*  O » 


<3  ^ x 
ci  v 3 

V r-i  w 


0)  o 
x: 

8 8 = 


4)  H • 

*H  <ri 

H t>  > 

w H 

■P  -O  4J: 
d 'd  <a 

S £ £ 

a 


13-9Sb 


OHIO  RIVER  MAIN  STEM 


♦NOT  to  be  interpreted  as  waste  loads  to  the  stream. 


OHIO  RIVER  MAIN  STEM  - UPPER 


13-99* 


Industrial  1,100  1,800  2,700 

Subtotal  6,350  9,700  13,000 
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Domestic  and  Commercial  *+,390  3,300  6,000  12,000 

Industrial  0 300  700  1,000 

Subtotal  4,390  3,600  6,700  13,000 


TABLE  13d  (cont'd) 


o o o 
o o o 
o ° 

O'  © N 
i-m  ro  ir\ 


o o o 
o o o 
o o o 

O 0^  O' 
rH  D — 

0J  LTN  C"- 


p * o 

8 

<D  <D  CM 


8 818 

o-  c-Ut 


C\J  c- 
H H CM 


COCO  H 
rH  kD 

O 'vOkD 


<1)  HI 
-P 
W 
<rt 


o o o 
o o o 
<H  cm  on 


o o o 
o o o 
O i on 

MO  IA  H 
O-d-  CM 
t*—  LT\  on 


O Q O 
O *T 
In  OO  X) 


IAO  IA 
VO  O X) 
(7s  on  cm 

4V0  H 
IAN  CM  :o 
if\  co  on 


H 

<D 

rH 

rH 

rH 

aJ 

•H 

a) 

•H 

> 

•H 

O 

W 

O 

•H 

H 

l 

O 

d 

s 

i 

O 

c 

3 H 

rH 

1 

3 

a! 

a5 

a) 

O -H 

P 

PQ 

o 

•H  U 

O 

•H 

•P  P 

P 

5h 

P 

10  10 

r£ 

a> 

(0 

4)  3 

> 

g Tt 

CO 

•H 

i 

IS 

K 

o 

Q 

O 

•H 

,c 

o 

33- 105b 


♦NOT  to  be  interpreted  as  waste  loads  to  the  stream. 


OWTO  RIVER  MAIN  STEM  - EVANSVI7.LE 


13-106a 


Kentucky  Henderson  1 16,890  Ohio  River  16,890  3 >000 

Indiana  Vanderburgh  2 141,500  Ohio  River  l4l?5do  119,000 

Subtotal  3 158,390  158,390  122,000 
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Domestic  and  Commercial  10,940  13,100  15,500  20,100 

Industrial  7,600  13,300  22,500  4q,000 

Subtotal  l8,y40  26,400  38,000  60,100 
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